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>This course is for persons unfamiliar with municipal wastewater 
treatment facilities apd processes, ,whq require a basic course 
^to provide an overview knowledge in this ^rea« For some students , 
this training should . be preparatory to other wastewater treatment 
coui*ses we offer* Some workers in regulat\)ry agencies will find 
this course valuable for administrative or clerical support functions. 

After completing* the course, the stude^A will have basic, knowledge 
about* the principal methods of municips^ wastewater ti/eatment 
currently in use; significant new or developing metiK^ds; ind the . 
general design, operational, and maintenance features of municipal 
wastewater treatment fsfcilities. Incidental to other aspects of 
the course, the participant will acquire a working vocabulary 
associated with wastewater treatment facilities and unit processes. 
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Protection Agency • ^ ' . ^ 



pONTENTS 



/ 



Title or Description 
« 

Introduction ' 
Why Treat Wastes 
Wastewater Facilities 



Pretreatjnent : 'Racks, Screens^. Coimnlnutors and 
Grit Removal 

Sedlmentatl^on and Flotation 
Trickling Filters 
Activated Sludge 
Sludge Digestion and Handling 
Waste Treatment Ponds 
Disinfection and Chlorlnatlon 
Flow Measurements 

Plant Safety 4nd Good Housekeeping 
Sampling 



Chapter Number 
i 
2 

4 

5 
6 

7 . ' 
8 

10 ■ \ I 

■I 

11 

14 



A- 



i 



5 



ERIC 



. • INTRODUCTION ' 

The irf^terial herein cpnsists of extracts frbm'a manual used in a home study 
program for wastewater treatment plant ^operators, develop^ by Sacramento » ' 
State College, in cooperation witlt the California Water "tolli^tion Control ^* 
association, under a Technical Training* Grant from the Water Quality Office,* 
U-. S. EPA« » Only a small portion.of the <u)n tent of the manual is included. 
Much material dealing with details 'of plant oper4tioii atxd maintenance, ' , 
laboratory analyses, -Mathematics, Analysis and Presentatidn of Data, and Reporlr 
Writing^ has, ndt beeh included, sitite it is not considered pertinent to^ the i 
, qbjectives of" this course* * ^ * ' . . ' • ' 

If you are interested in obtaining the complet^e home study manualv, or'^in ^ 
participating in the home study program write to': , \ ^ 

Professor ^Kenneth Kerri ' » ' * , ^. 

Department of Civil Engineerings ' ' * 

^ ' Sacramento, State 'College » ' , . 

6000 Jay Street ^ ■ ^ \ 

Sacfamenito, Calif prnia 95819 . / ; 



Title of the manual is "Operation of Wastewater Treatment Plantg:'/" Fieri ' • 

Study Training Program" . • < 

Charge for the manual alone is $25^00. -Charge for taking the course is $3^M)0.. 



' • CHAPTER 2. WHY TREAT WASTES? 



% T 



2.0 . PREVENTION" OF POLLUTION 



TRq operator's main^ job^ is to protect the many users/of 
waters. He rtiust do the best he cart to remove any si&sti 
which 'will junreasongbly affect the*se \isers. 



receiving 
tances 



Many people think an^ discharge of waste to a body "of watfl^ is 
pollution',^ 'However, with our present system , of using water to 
carry away the waste products of home and indjustry, it would be 
impossible knd perhaps unwise to prohibit the discharge^of all, 
wastewater to oceans, streams, and groundwater basins. It -is, 
possible un'der* present .day technology to 'treat .wastes in such 
a -manner th'at existing "pr potential receiving water uses -are n 
unreasonably affected, / Definitions ' of pollution' include .any 
interference with beneficial reuse of i^ater or failure to ir.e'et 
water quality requ^reipents , 'Any questions or-contments regardiag 
-•this definition ' mu^t be settled by the appropriate enforcement 
agency. 
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2, A WHAT PURE WATHR?" 



Water a combination of two 
parts hydrogen and one ,part. • 
oxygen, pr H2O. Tliis is true, 
however,* pnly for \*p,ure" water 
such as might be manufactured ' 
in a laboratory.* Water as we 
know it is not **pu/d" hydrogen 
a*nd oxygen. Even the distilled 
water we purchase in the stpre 
has measurable quantities of 
various substances in addition 
'to hydrogen and oxygen. Rain 
water, even before -it reaches 
the earth, contains many sub- 
stances.' These substances, 
since they ar^ not found in 
"pure" water, may ^e cpnsider- 
ed "impuriti'es". iVhen rain 
falls through the atmosphere, 
it/ gains nitrogen and other • * 
gases. ^As soon^as the rain 
flows overland it begins to 
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ig. 2.1 Wa\er, + 



Impurities 
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dissolve from the earth and rocks sudi 'substances as calcium, 
magnesium, sodium, chlorides, sulfates, iron, nitrogen, 
phosphorus, and many other materials. Organic matter (mattet ' 
derived from plants and animals) is also dissolved by water 
from contact with decaying leaves, twigs', grass, "or 'small 
insects and animals. Thus it should be realized that a fresh 
flowing mountain stream may .^'Uk up many natural "impurities", 
some possibly in harmful amounts, before it eVer reaches- 
civilization or is affect'fed by the waste discharges' of man. 
Many of these subst,ances, however, are needed in small- amounts 
to support life and be useful to man. Concentrations' of im- 
^rities must be controlled or regulated to prevent harmful 
levels in re^ceiving waters. 

' QUESTIofe 

2^1A What are some of the dissolved substances 
in water? 

2. IB How does water pick up dissolved substances? 



2.2 TYPES OF WASTE DISCHARGES ^ ^ 

The waste discharge that first comes to mind in any discussion 
of stiieam pollution is the discharge ^of domestic Wastewater. 
Wastewater co ntains a liarge amount of organic waste. ^ Industry 
also contributes substantial amounts or organic waste. Some 



of these organic industrial wastes^ come from vegetable and 
fruit packing; dairy proqeasing; meat packing; tanning; and 
processing of poultry oil;\ paper and fiber (wood), and many 
more . 



\ 



^ Organic waste (or-GAN-ni'ck) . Waste material which comes from 
animal ^r vege-table origin. Organic-, waste generally \^ill be 
consumed by bacteria an4 other sniall organisms. Inorganic 
wastes, are chemical* substances of mineral origin and may con- 
tain carbon and oxygen, wffereas organic wastes contain mainly 
carbon and hydrogen al6ng Avith- other elements. 
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Another classification of wastes is lnor|;anic wastes ,^ Domestic 
wastewater contains inorganic material as well as organic, and many 
industries, discharge inorganic wastes which add to the mineral * 
tontent of receiving waters. ,For instance, a discharge of salt ' 
brine (sodiunv chloride) for water softening-will increase the 
amotmt of sodium and chloride in 'the receiving waters. Some 
industrial wastes may introduce inorganic substances such as 
diromium or copper, wKich are vex:^ toxic to 'aquatic life. ^ Other ^ 
industries (such as gravel washing plants) discharge appreciable 
amounts of soil, sandor grit, which also may be classified as 

inorganic waste. • ' * ^ ' , ^ ' 

•ft *' 

There are* two-cther -major types, of wastes 'that do' not fit ^ither 
th^-organic or inorganic classification^TTiese are heated 
(thermal) wastes and radioactive wastes. Waters with temper- 
atures exceeding the requirements of the enforcing a'gehcy 
come from cooling processes used by industry and from thermal 
power stations'^generating electricity.^ Radioactive wastes 
are* usually controlled at their source, but could come from 
hospitals, reseaj-ch laboratories, and nuclear power -plants. 

. QUEgTIONS 

2.2A Several of the following contain significant * / • 

quantities of organic material. 'Which are ^ 
' , they?^ . ' y ^ ^ . • 

a. Domestic Wastewater 

b. ' Cooling Water from Thermal Power Stations 

— Pa p e r Mill Wastes ^ ^ > 



d. Metal Plating Wastes 

e. * Tanning Wastes 

2.2B List four types of pc^llution. 



2,3 EFFECTS OF WA'STE DISCHARGES 



Certain substances not removed by wastewater%reatment processes 
can cause problems .in receiving waters. Tliis section reviews 
some of these substances and discusses why they should be treated. 



^ Inorganic waste (IN-or-GAN-nick) . Waste material such as sand,\ 
gait, iron»i calcium, and other mineral materials which are not 
cbnverted in large quantities -by organism acti'9n. Inorganic 
wastes are chemical substances of mineral origin and may contain 
, carbon and oxygen, whereas organic* wastes are chemical substances 
of animal *or vegetable Origin and contain mainly carbbn and 
, hydrogen along with other elements. 



2.30 Sludge and ScuiJT ^ ' ^ * 

' I ^ 

If _c^rta\n .wastes (including domestic wastewater) do not 
receive adequate treatment, large' amounts of solids may 
accumulate on the, banks of the receiving wafers, or they 
may settle to thp- bWtom- t^.^form sludge deppsits or float 
to the surface and form Tafts of scum. Sludge 4eposits ^ 
and scum are «not only unsightly; but if -they contain 
organic material, they may^lso cause oxygen depletion and 
\fe a^ source of ods)Ts/ Primary treatment^ .units in the^waste- 
water treatment plant are designed and operated, to remove 
the slu'dge and scum before 'they reach the 'receiving waters .< 

2.31 Oxygen Depletion 

Most living creatures need oxygen to survive, including fish 
and other aquatic life.- Although most streams and other 
surface watejrs contain less'than 0.obl%( dissolved >oxy gen 
(10 milligrams of o)?ygen per liter of water, or lo' mg/1) ,^ 
most . fish can thrive if there are at* least 5- mg/l and. other 
conditions are favorable. * When oxidizable .was.tes are dis-' 
charged to a stream, bacteria begin to feed on 'the waste, 
and'deqojnpose or^break' down the complex substances in the 
vaste into sirfiple chemical compounds. These bacteria also 
use dissolved oxygen (similar to .liuman resm.i'atiorl or* * 
breathing) from the water and are called gerobic bacteria .^ 
As more 'organic waste is added, the bacteria reproduce ^ 



^ Prima^py treatment. A wastewater treatment process consist- 
ing of a rectangular or circular tank fthich allows thos^e 
substances in wastewater that readily settle, or float to 
be separated from the "water being treated. • ^ 

Milligram's per liter, mg/-l (M^LL-i-GRAMS per LEHT-er). A 
measure of the concentration, 'by weight of ^ substance per 
unit volume. Tor practical puirposes', one mg/1 is equal to 
one part per million parts (ppm) . Tlius, a liter of water 
with a specific gravity-of 1 .0 ^weighs, pno million milligram^ 
* and if it contains 10 milligrams of dissolved oxygen, the 
concentration is 10 milligrams per million milligram?, or 
10 milligrams per.flter (10 mg/1), or 10 parts of oxygen per 
million parts of water, or 10 parts per million^ (10 .^pm). 

^ Aerobic bacteria (Ali^-O-bicb back-TEAR-e-ah) . Bacteria — 
which will live and reprodui:e only in an environment con-^ • 
taining oxygen which is available for their respiration, 

^such as atmospheric oxygen or oxygen dj.ssolved in -water. 

*03cygen combined chemically ^ such as in. water molecules, 
H2O, cannot be used for respiration by aerobic bactpria. 



rapidlyj and as theiy ^population increases, so' does their use 
of -oxygen. Where waste flows are, high- the population of . 
bacteria may grow larg^ enough to'use, the entire supply of 
oxygen from the stream faster than^it can be replenished by » 
natural diffusion frOm^thfS atmosphere. When this happens, 
fish and most other living things in. the stream ^hich require 
dissolved oxygeli •'tiie, ' * < ' ^ 




Fig, 2,-2 Oxygen depletion , ' *^ 
. * * * 

Therefore, one of the principal objectives^ o^ wastewater treat- 
ment- is to prevent as much of this, "oxygen-demanding" organic" 
material as possible from entering ;thj2 receiving water. ^ The 
treatment plant '-actually remov.es t;he>: organic material fhe same, 
way a streain j^oes, but it ^accomplishes the task much more 
efficient,lV ty^ removing ^hQ wastes fro'tn the wastewater, . 
Secondary treatment^- units are designed and operated to use 
-natural- organisms such as bacteria in the plant to stabilize^* 
and, remove ^organic material, « - • 



Arioxher effect ot~dxy"p"n depletion, in additiw"to the~killing^ 
of fish and other aquatic life, is the problem of odors. When 



Secondary trektmeirt^, Aj^Vastewatf r treajtmerit proce'ss used ,to 
convert dissolved or susperiUed materials -into^a^ form more 
readily separated from^^t^'e, water being treated. 

Stabilize, to 'convert to a form that resists- change • . 
Organic material i'^ sjtabilized* by' bacteri^a .which convert 
^th*e mkte,ria'l to gases and other ^relatively inert substances^ 
Stabilized organic material generally will not -give^oJIf . _ 
obnoxious odors', * ^ / . • * \ 



all tjie diss 0^1 ved oxygen has been removed, anaerobic bact^ria^ ' ^ 
begin to .'use the ^ox/g^n .which,' is cqmbined cliemically with / ^ 
other felempnts'in thfe form of cheto^ical compounds, such' as • / 
sulfate (sulfur arid oxygen), which are also dissolved in the 

• water^ When' anaerobic "bacteria remove tlie oxygen^ from sulfur" 
compounds, hydrogen sCilfide (H2S). iS'-'^e leased which has a 

'"rotten egg"^odor, ; This>gas .is not only very odorous, but, it 
also erodes Concrete and can\ discolor and remove paint from' 
homes and structures* Hydrogen sulfide a^.mayform explosive 
mixtures with air and* is ""capable of *paralyzlii^our respiratory . 
center.- Other products of anaerobic decomposition (putrefaction: 
PU-itree-:fack-SHUH) also can be, objectionable.^/. " ^ ^ 



2.32 ether EiTec ts ' . ' . j ' 

Somfe wastes adversely affect the clarity and color of th'e 
receiving witersi making them unsightly arid unpopular tor 
recreation. ^ . • * 

I^Iany industriaj wastes, are highly acid or alkaline, and- 
either^ condition can interfere -with aquatic. liie, domestic 
use, *and ether uses. Ap accepted measurement 'cf* a waste 's 

"^(iidity or alkalinity is its pH.^ Before 'wastes are dis- ^ 
charged they,\shculd have a pH similar to. that of the receiving 

V^iter. ' . 

Waste discharges »i^y contain toj^ic^ substances, sych as heavy- ^ 
metals cr cyanide, which, n^ay aliect the use of the receiving 
water for domestic ^urposfes .or *fof aquatic life, * 
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®' Anaj5r{;;bi-c bacteria (AN-air-O-bick backv-TEAR-e-ah) . Bacteria 
that live and reproduce in an environmgnt containing no 
••iree'* or dissolved oxygen^ Anaerobic bacteria obtain 
their oxygen supply by breaking down chemical comppunds ^ 
which contain oxyg^a, such as sulfate (SO^) and niti^ate 

^ pH.-- Technicallj^> 'thite is the logarithm ot xhe reciprocal 
"of the hydrogen-ion concentration, which wjkll.be explained 
^ .in Chapter 14, Laboratory Procedures and Cliemi,stry\ For 
how) it is sufficient to under,stand th$t pH may range 
from 0 to*14> wRere*0^is;"most acid and 14 is most alkaline^ 



ariS J is ^neutral. Most natural waters have a- pH between 
6.5 iind * * ' 



Taste-'and odor-producing substances- may- reach, levels ia the 
receiving water whith are readily detectable in drinking watex 
V * or in the flesh of fish. 

Treated wastewaters contain nutrients^^ capable of. encourag- 
ing excess algae and plant growth in receiving waters. These 
growths hamper domestic, industrial > and recreational uses, ' 
» 'Conventional wastewater* treatment plants' do not remove a 

major portion ot' the nitrogen and phosphorus nutrients, 
: ^ • - ' ' ' 



QUESTIONS ' • 

2 .3A Wha.t causes oxygen , depletion when organic 
wastes are discharged to the water? 

2.3B ^What kind of bacteria cause hydrogeA sulfide 
^, gas to be released? ^ ? 



2,33 , Human Health 

: .1 . 

Up to now we have discussed the -physical or Chemical effects^" 
that a waste discharge may have on the uses oF water, Mo,re 
important, however, may be the effeot on human health ythrou^h<- 
the spread' of disease-producing- bacteria and viruses.' Initial 
efforts to control human wastes -evolved from-the need to prevent 
the spread of diseases. Although untreated wastewater contains 
many billions of bacteria per gallon, most of these are not 
harmful. to humans, and some are even helpful'in wastewater ^ 
treatment processes. However humans who havfe a disease^whj^ch 
is caused by bacteria or vj[.ruses""'riiray discharge .some of these 
harmful organisms in their body wastes'. Many serious . outbreaks 
of scommunicable diseases have been«traced to direct contamination, 
of drinking water or food supplies- by the body Wastes from a 
human disease carrier, \ , ^ 



Nuti^ients. ^bstances which are required to support living 
plants and organisms. Major nutrients are carbon, hydrogen,, 
oxygen, sulfur j nitrogen/ and phosphorus. Nitrogen and 
phosphorus are (difficult to remove ftom wastewater by con- 
ventional rtreilm^t' proce;?ses because they are water soluble 
and tend ^o recycle, . . ' * 
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Some known examples* of diseases which may be spread through 
wastewater discbarges are: - • . . 




' Fig, 2,-3 ^Di^eases* ^ 

• * " * ■ , 

Fortunately thfese organisms that grow in the intestinal tract 
of diseased humans are noti^ ii-kely to tind the environment irt 
^ the wastewater treatment plant or receiving waters favorable 
for their growth and reproduction,- AlthoU'gh many of these 
pathogenic organisms are removed by natural die-off during 
the normal treatment processes, ^ufficiewt 'numbers can remain 
to cause a threat to any downstream u?e involving human contact 
•or consumption. If thesB uses exist downstream, th.e 
t'reatment plant must alsoNjicl^ude a disinfection ^^ process, 

The disinfection process historically employed is the addition 
of chlorine. Proper chlorination of. a well- treated, waste will 
usually result in essentially a comple1:e kill -of these paXho- 
genic organisms. The operator must realize, however, -that 



. ■ ■ i ^' 

Pathogenic organisms (path-o-JENrnick OR-gan-iz-ums) . 
Bacteria ok viruses which .can c^se dise^ase* There are 
many types of bacteria which do n ot caiise disease and 
which are not cal led'.p.athogenic, 

^ ^2 Disinfection (DlS-in-^eck-shun) . Tlie pVocess_by w|iicb ^ 
pathogenic organisms "are killed. There'' are several ways 
to disinfect, but chlorination? is ^the' most frequently 
used method in water and wastewater treatment. ^ 



breakdown or malfunction of equipment could. result in the 
discharge at any time of an eJfluent which contains patho-, 
genie organisms, . 

* ; QUESTIONS * ' " * 

2 ,30 Wiere do the dise^se-causiivg organisms _„ 

in wastewater '"come from? • • - . 

2, 3D. IVliat is the term which meajis. "dlsease- 
. causing"? . \ 

2.3e What is the most frequent means *OT?^dis- 
' ' infecting treated wastewater? 

« • 8 

2,4 SOLIDS IN WASTEWATER ^ ' 

One of the primary functions. of a treatment plant is the 
rawc\ai of solids from wastewater, 

2.40 Types of Solids 

^ In Sec.tion 2;2 you read about the difrerent types o\ pollution: 
organic, inorganrc, thermal, ^nd radioactive,- .For a normal 
municipal wastewater 'which contains domestic wastewater as well 
•as* sojne industrial and commercial wastes, the concern 'of the 
treatment plant designer an,d operator usuaJLly is to- remove the 
organic and inorganic suspended solids , to remove the dissolved 
organic solids (the treatment plant does little to ren\ove 

/ di,3solved 'inorganic solids) , aqd to kill the pathogenic orgaT\isris 
by disinfection. . 'Thermal and radioactive wastes require speciai 
treatment, . - . ^ 

• Sinqe the main purpose/of the treatment plant is ^;emoVal of 
solids' from the wastewater, a detailed discussion qf the types 
of solids is in-order. Figure 2,4 will help you unders^tand the 
dif^^i^ent terms. ^ ^ 

a- 

2.41 Totalise lids 

For discussibn purposes 'assume that you obtain a one-liter 
sample of raw wastewater entering the treatment plant'. Meat 
this sample enough to evaporate all the water and weigh- all 
the solid material ^left' (residue) ; it weighs 1000 milligrams, - 
Thus, the tptal solids concentration in the ^sample "is 1000 
milli\ferams .per liter (jng/1) , This weight includes both' 
dissolved' and suspended solids, ^ ' < . 



2.42 Dissolved Solids 

How much is dissolved and how much is suspended? To determine 
this you could, take an identical sample and filter it through, a 
very fine-mesh filter such as a membrane filter or fiberglass, 
The suspended solids will be caught^ on the filter, and, the * 
dissolved solids WiU pass through, with the water. You can 
now evaporate the water and weigh ^he residue to determine the 
weight of dissolved solid4 » .In Fig. .2,4 the amount ia shown 
as 800 mg/l. The remaining 200 mg/1 is suspended^ solids. 
Dissolved solids are also called^ filterable residue > , 

2 . 43 Suspended Solids, 

"Suspended solids are comppsed of two parts: settleable and 
nonsettliable. The difference between settleable and nonset- 
tlcab^e solids depends on the size, .shape, and weight. per unit 
volume of the solid particles; larger-sized particles tend to 
settle more rapidly than' smaller particles. It is important ^ 
to know the amount of settleable Solids in the raw wastewater 
for design of settling basrns (primary .units) , sludge pumps, 
and^ sludge handling facilities'. Also, measu^ng the amount ,^ 
oF settleable solids entering and leaving 'the settling 
basin allows you to- calculate the efficiency of the basin 
for removing the sett^ble solids, A device called an 
Imhoff Cone^ ^ is used 'to nie>asure -settleable solids in ' 
milliliters per literi nrl/K (Th$ example In Fig, 2,4 shows 
a settleable solids concentration of 130 mg / 1 , The. sett led 
solids in the^ Imhoff Cor)e had to be dried and weighed by proper 
procedures to determine'' their weight. 

It is possible to calculate^ the weight or Knonsettleabie soiidb 
by subtracting the weight of .dissolved'^and settleable solids 
from the' weight of - total solids. In Fig, 2.4 the nonsettle^ble 
solids concentration is shown- as 70- mg/1. Suspended solids are 
also called nonfilterable , residue, ^ . * 



' Imhoff Cone. A clear cone-shaped container marked 
with graduations used- tO; measure J:he volumetric 
concentration df se^ttleable solids in wastewater. . ' 
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' ^ Pig, "^^4^ Composition ul* solids in raw wastewater 
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2,44* Organic and Inorganic Solids 

For total solids or for any separate type of solids, such is 
dissolved, settleable, or nons^ttleable, the relative amounts, 
of organic and i-norganic matter^can -be determined. This 
information is_ im^ortant^or estyiating solids handling 
c'apacities and for designing ireatn^nt pf^cess^es for"~renioving 
the organic portion in waste. The cnrganic p6rtion-can.be. . . 
very harmful to receiving waters, \ 



2,45 Floatable Solids 



r 



There is standard method for the measurement and evaluation 
of floatable solids. Since treatment units are designed to 
remove these solids, it is important for you to be aware of 
floatable solids in raw wastewater- and -treated effluent , . ^ 
Floatable solids are undesirable in the plant effluent -from an 
aesthetic viewp9int because the sight of floatables in receiv- 
ing wafers indicates the presence of inadequately treated • 
wastewater, • ' • * 
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2.5 ADDITIONAL READING 

For- a detailed discussion of the physical an4^ chemical compos 
*sltion of wastewater yoy may wish to -refer to; 

X, 1. MOP" 11, pp 4-7 

• «. \ ■ . * 2. New York Manual, pp 1-10 
' \ 3. Tekas* Manual, pp 1-18 

\ . 



QUESTIONS 

2,4A An In^vpff Cone is i^sed to measure 
solidsN 



\ 



2,4B IvTiy is itVieces^sary ftg, measure settleable .solids? 



2».4C ^ Total solidsKare made up of and 
y \ §plids, both of whiQ^ Contain 



organic and inbrganic matter. 
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CHAPtER- 3 . WASTEWATER' FACI LI TIES 



:OLLECTION, TREATMENT, DISPOSAL 



Facilities for handling wastewater are usually considered to have 
three*^major components or pa^^ts: collection, treatment, and 
disposal./^ For a municipalit y^, the se components make up the 
"sewerage" system or wastewater facilities; but for an individual 
industry which handles it^xtSi^Awastewater, the same three components 
are necessary. This trying ^Jmrse is directed primarily to plant 
operators 'for muni^^fpalities, .so-4:he discussion in this and later ' 
chapters will J>c^n terms of /^jimi^pal wastewater facilities. 



COLLECTION OF WASTEWATER 




'Collection and ^transportation of wastewater tp the treatment plant^ 
is accomplished through a complex network of pipes and pumps of 
many .sizes. , . . , ' 

• ■" \ ■ • . • 

Major water using industries which contribute waste to the collec- 
tion system may affeat the-^efficiency of a wastewater treatment 
plant, especially if there are periods during the day or' during 
the year when these industrial waste flows are a major load on 
the plant. For instance, canneries are highly seasonal Xn their 
operations; therefore, it is possible to predict the time of year 
to e:lpect large flows from tl\em.' A knowledge of the location of 
commercial and, industrial dischargers in, the collection system 
may enable an opei?ator to locate the source of a problem' in Ithe 
plant influent, such as oil from a refinery or a' gas statioti).' 

Th^Tength of time required for wastes to reach your plant can^ 
also affect treatment plant efficiency. Hydrogen sulfide* gas 
(rotten egg ga?) may be released by anaerobic bacteria feieding 
on the wastes if the flow time is '^uite long and the weather is 
hoti this can cause odor problems, damage concrete in your plant,^ 
and make the wastes more diffi.cult to treat. (Solids won*t settle 
easily, for instance.) Wastes from isolated subdivisions located 
far away from the ^ain collection network often have this "aging" 
problem. " . ^ 





'1 
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3, 10 Sanitary^ StQrm, and Combined .Sewers 

For most sewerage systems the sewer coming intp the treatmen 
.plant .carries wastes from households and conunefrcial eatkblis 
menjs in the city or district, and possibly some inSustrial 
waste^ This^type of sewer is called a sanitary sewer/ 



This type o£ sewer is called a sanitary s 

Dili 

^ which normally dis 



.Idings is" 




storm runoff f!rom streets, land, and roofs of 
collected, separately in a storm sewer , 

charges to a wat;er course without treatment* In some areas 
only* one network of sewers has been l^id out beneath the ^ 
city ,to pick up both sanitary wastes and storm water in a* 
combined sewer , ^ 'Treatment plants that are designed to handle, 
the sanitary portion^ of the wastes sometimes must be bypassed ; 
during stcfrms due to inadequate capacity, allowing untreated 
wastes to be discharged iijto receiving waters. Separation^ of « 
combined sewers into sanitary and storm sewers is very costly )f 
and difficult" to accomplish, - . f '\ 

EVen in^reas where 'the- sanitary and storm, sewers are separate, \ 
infiltration^ of groundwater jor storm* water into sanitary ' " 
sewers through breaks or open. joints can cause high f low , 
j>robl©jns at the treatment plant, Replaeemfent or sealing of - 
•ieaJcy sections of Sewer pipe is called. for in these .-casete., < ' 
The treatment plant operator is -generally the first ♦to know 
about infiltrant ion .problems because of the im usually high' . 
flows he . observes at the plant during p^Aods of storm water , 
runoff, ^ • , - \ . • ' 

^ --• , • ' . . p-' 
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^ Sanitary Sewer (SAN-^h-\ar-ee SUE-er) . A seweif intended 
to carry wastewater from homes, businesses,* and industries, 

^ Storm Sewer, ^ A separate sewer thatVarries runoff from » 
storms, surface drainage, and streetlwash-, but that ex- 
cludes domestic and industrial wastesV 

^•Combined sewer, A sewer designed to carry both s^itary'> 
wastewaters* and storm or surface water runoff.*-* 



.^ Infiltration (IN-f i'll-TRAY-shun) , Groundwater that seeps 
into pipes through cracks, joints, or breaTcs. • ^ 
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Sanitary* sewers are normally ^ilace j at p slope suffitient t^ 
produce a velocity of approximately two feet per second, Wis 
velocity will uaually pr^v^nt the deposition of solids that .may 
clog the pipe or causie odors • Manholes *^re I^ace^^.^every' 300 to 
/ i ^ ^ 500 feet to .allow fo^ 

l^m^ inspection (Fig, ^3,1) and 

cleaning of {he se'wer*; 



IVheri row-^areas of land must 

s he sewered* or wher*e pipe 
depth under tlfe- ground 
surface bdcbme^ e'xcgssive^ 
pump s'latlons (Pig* 3,2) 
are normally instralled. 
These pump •Stations lift 
the wastewaf^r, to a hfghf r 
paint fi%m wliich it may^ 

.again flow by°gravity, 
or thfe; !kast^ater ^ay b'e 
/ pumped "under pressure 
direetlyto th^ treatment 

-plants A large pump statipn 
Ipcated* just .ahead of the - 
treatment plan>. can create 

^ijbblems J>y periodically 
sending large volumes of 
flow to- the plant oneSjjiinute , 

.and vjrt^ally rtothing the 
next 'minute, * 




Fig. 3.1 



Manholes allow 
inspection of the 
collection system" 



\ 



QUESTIONS 



3.1A 

3. IB 
3.1C 

3. ID 



« f • 

Why shoUW the operator^be famil?ar wi1:k thp • 
WfStewat€ir collection and traniSportation network? * 

. : " . • . • . '• 

List three type^ of sewers,. • ^ ^ 

* " \- 

What problem, |na^ occur When it take? a long-time 
^OT wastewater tg flow through the collection 
sewers to the treatment plant? * , 

IVhy are combined sewers a problemt* " ' ' 



\ 
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3-3 



2'^ 



3.2 TRgATNlENT PLANTS 



Upon reaching a wastewater treatment plant, th'e wastewater flows 
•through a series of- treatment processes (Fig. 3.3) which remove 
the wastes from the water and reduce its threat to the public 
^ health\ before it* is discharged frbm the plant. The number of 
treatment processes and the degree of treatment usually depend 
on the juses of the receiving waters.. Treated wastewate;:s dis- 
charged; inlJO asmall stream ysed for a domestic watfir supply 
and swirtuning will require QOnside'rably more treatment than wast^-? 
water ^discharged into water used solely 'for navigation. 

^ To provide you with a general picture of treatment plants, the 
remainder of this chapter will follow the paths a drop of waste- 
water might travel as;^ i»t passes; through a plant. You will be 
' introduced to the* names of the treatment processes, the kinds 
of wastes the processes treat or "remove, arid the location of the 

' 'processes in the flow path. Not all treatment plants 'are alike; ^ 
however, there are certain typical' flow pattems that are 

similar rrom one plant to another. 

\ . * « 

« \ 

, IVhep wastewater enters a treatment plan^, it- usually flows through 
a series of pretreatment proc^sses^-screeping, shredding, and 
i grit removal. These processes remove the coarse material from 
the wastewater, Tlow-nteasuring devices ^re usually installed 
after pretreatwent processes Xo record the flow, rates ^ind 

'volumes of wastewater treated by the plant, 

N*ext the wastewater will generally receive primary treatment. 
During primary treatment some of the solid matter carried by 
the wastewater will settle out or float to the water surface, ^ 
where tt can be separated 'from the wastewater being treated, 

^ Secondary treatment processes usually follow primary treatment * 
.and commonly consist of biological pro^cesses. Tliis means that 
organisms living in the contr64''fed environment of the process 
^re used to partially stabdlizeci (oxidize) organic matter not 

* removed by previous treatment processes and to* convert it into - 
a form \v^ich is 'easier to remove from^the wastewater. 

Waste materia^ removed by the treatment processes goeS to 

soliSs handling 'facilities and then to ultimate. disposal. ' 

t 

Wast^' treatment* pondswna;^ be used after pretreatment, primary- 
^ tyeatjnent, or secondary treatment. ^Ponds are frequently con- 
structed in rural are^s wherjp there is sufficient* ^available 
land. _ • . ' " , 
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Fig. 3.2 Collection sewer profile 
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Fig. 3.3 Flow diagram of wastewater treatment*plant processes 



26 



- Advanced methods of waste treatment are being developed for . 
gerieral cleanup of wastewater or removal of substances not ^ 
removed by conventional treatment processes* 'They may follow 
the treatment processes previously described, or they may be 
used instead of them. Before treated wastewater is discharge ' 
ed, to the receiving waters, dt should be disinfected *to 
prevent the spread of disease. ' , 

J. . 

In the following sections, these treatment processes will be 
^briefly discussed to provide an overall concept ot a treatment 
plant. Details will be presented in lat^r chapters to provide 
complete information on each of these processes* . » 



3.3 PRETREATNENT 



3.30 General 

Pret'reatinent pro*cesSes commonly consist of screening, shredding,^ 
and grit removal to sdparate coarse mateTia.1 from the wastewater / 
^ being treated. , - 



^|3.31 Screening 

Wastewater flowing into the 
treatment plant will occasionally 
contain*piece$ of wood, roots, 
raigs, and other debris. To pro- 
tect equipment and reduee -any 
r iritexferente wi.th in-plant flow, 

debris and trash -are usually 
3^ removed by a bar screen (Figv 
3.4^. Most screens in treatment 
•plants consist of parallel bars, 
placed *at, an angle in ^ channel 
in such a manner that the waste- 
water flows through the bars. ' ' 
Trash collects on the bars and 
is periodica^lly raked- off by ' 
hand or by mechanical means. 
In most' plants these -screen.ings 
are disposed of by blirying or 
burning. In some. cases they are 
automatically ground*^ up and re- 
turned to the wastewater flow ,for 
removal by a' later process. , 




Fig.* 3.5 Screened 
§ ground 



Shredding. A mechanical treatment process which cuts large 
pieces of wastes into-smaller pieces sa they won't plug pipes 
or damage equipment Ccomminution) . 
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5.52* Shredding 



Devices are also available which cut up or shred' material whiljs 
it remains in the wastewater stream. The ^most comrtion of these^ 
are the- barminutor (Fig, 3^6) and the comminutor-{Fig, 3.7) • 
One of these devices usually follows a bar screen. 




i 




Fig. 3.6 Barminutor Fig, 5.7 Comminutor 

1 . ( Courtesy Chicago Pump) 



5.35 Grit Chamtxers ^ ^ ^ 

Most sewer pipes are laid! at! a slope steep-enough to maintain a 
wastewater 'flX)w of two feet per second (fps). If the velocity 

• is reduced' slightly below ^\ 

that, say fo 1,5 fps, ^ ' ** * 
some of the larger, , 
heavier particles will 
settle* out; *l£ the 
ye-ldcity is re'duced to * 
about 1 fps, heavy . 
inorganic material such 
as sand, eggjshells, and 
cinders' will settle; but . 
the lighter organic 
inaterial will* remain in 
susp^ns^n, 'The settled 
inorganic m1it^rial-is 
referred to'^as grit,^ 
Grit should be removed 
early in the treatmetit 
' proj^ss because it is 
* abrasive and will rapidly 
wear out pump? and other 
equipment. Since it is , 
mostly inorganic, it can- 
not be broken down by any 
T)iological treatment pro- 
cess and thus should be 
removed as soon as possible, 

* ■ \ ' 

Gri^t is' usually removed in a l^ong, narrow trough called a Grit 
Chamber (Fig, 3,9). 'The chamber is designed to pi^vide a flow- • 
through' velocity of 1 fps^* y-The settled grit may he removed ' 
either by. hand or mechanically.. Since there is normally some 
organic solid material deposited along with the grit it ^is 
usually buried to avoid nuisance conditioTjs, Some plaftts are' 
equipped with "grit washers** ithat clean some of the organic 
material out of the grit so that organic solids can remain in 
the main waste flow to be 'treated,, 

Mauy treatment plants have aerated grit chambers in which coin- 
pressed air is added through diffusers to provide better separation 
of' j^t and other' solids, Aeration in this manner also "freshens" 
a "stale" or septic wastewater, helping to prevent odors and 
assist the biological treatment process. 




Fig, 3.8 Removal of eggshells 



^ Grit. The heavy minei'al material present in wastewater, 
such as sand, gsravel, ^Riders, and eggshells,. 
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.Fig. 3.9^ Grit chamber 

• WPCF MOP No. li; 
Operation of Wastewater Treatment Plants. 



QUESTIONS 



3.3A, IVhy is grit remoTet early in the treatment 
process? / . 

3,3B IVhat is usually done with grit which has been 
removed from the 'wastewater? - 
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3.4 FLOW MEASURING DEVICES 

Although flow measuring devices are not for t re at ing' ^wastes ; 
it is necessary to know the quantity of wastewat er fl ow so 
adjustments can be made' on pumping rates, chlorination rates,) 
aeration rates, and other processes* in the plant* Flow rates 
must be knov^, also, for calculation of loadings on treatment 
processes and treatment efficiency, Most operators prefer to 
Jiay^ a 'measuy.ng device at the headworks of their treatment ^ 
pla^it. » . 

The most common measuring device is a Parshall Flume (Fig. 3.10). 
Basically- it is a ^narrow place in art open, channel wl^ich allows 
the quantity of flow to be deteCTiined by meas.uring the depth of 
flow. ' It i| a widely, used methoavfor measuring wastewater because 
its smooth, constriction does. not offer any protruding sharp 
edges or areas where wastewater particles may catch or collect 
behind the metering device. 

Another measuring de^ce used in open channels is a weir'' (Fig. 
3.10).' A weir is a wall placed across the channel over which 
the waste may fall. It is usually made of thin metal and may 
have either a rectangular or V-notch opening. Flow over the 
weir is determined by tl^e depth of waste going through the 
opening. -A disadvantage pf -a weir, is t^e relatively dead 
water space that occurs just *ups1^^^eam\ of the weir.- If the 
weir is used at the head end of the plant, organic ^solids 
may settle out in this area. When this occurs odors and 
unsightliness can result. ^Iso, as the solids accumulate the 
flow reading may beaome incorrect. 

A good measuring'device for flows of treated or untreated waste- 
water is a Verituri meter (Fig. 3.10) .. It is a special section 
of contracting pipe, and it measures flow in much th^ same way 
as a Parshall flume. It does not oj^fer any sharp obstructions 
for particles to catch on. Magnetic(f low meters (Fig, 3.10) 
also are being used successfully to measure wastewater flows, y 



^ Weir-^(weer) . A vertical^^o^^^jjKtion^uch as*a wall or plate, 
placed in an open channel and calibrated in order that a 
depth of flow over the weir canleasily.be converted to a 
flow ratedtn KGD (million gallons per day). 
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3.5 PRIMARY TREATMENT 

SVe have previously discussed the reduction in vefocity of the . ^ 
incoming .waste ta^approximately one foot per second in order 
to settle out heavy inorganic material or grit, ^The next step 
in the treatment/process is normally *called sedimentation or 
primary treatment. In this process the waste is directed" into 
and through a large tank or basin, 'Flow velocity in these 
tanks is feduced.to aboat 0,03 foot per second, allowing the 
settleable s6jids<>'to^ fall, to the bottom of the tank, thus 
making the tew ate r much clearer. It has therefore' become 
common pj^^tice to call' these sedimentation tanks "clarifiers". 
The fi;rst clarifier that the wastewater flows into is called a 
prin^^cry clarifier. We will discuss later the need for another 
cj^'rifier after the biological treattnetit process. This second 
Clarifier is c^^iled a secondary ^clarifier, * % 

Clarifiers normally are either , rectangular (Fig, 3,11) or 
circular fFig. 3,u2), Primary clarifiers are-usually designed 
to provide 1,5 to 2 hours detention time,^^ Secondary clarifiers 
usually provide slightly more time, 

9 

Generally the longer the detention time provided, the more^ 
removal' of solids that takes place. In a tank with two hours 
detention time, approximately 60 percent of the suspended solids 
in the raw wastewater will either settle to the bottom or float 
to the surface and be removed. Removal of these solids will 
usually reduce the Biochemical Oxygen Demand (BOD)^ of ' the- 
waste approximately 30 percent. The*. exact removal depends on 
the amount ' of BOD .contained in the settled material, 

All primary clarifiers, no matter what their shape, must have 
a means for coHecting -the settled solids, (called sludge^^) and 



® Detention Time, The time required to fill a tank at*a 
given flotir or th^ theoretical time required- fo^ a given 
flow quantity o£ wastewater to, flow through the tank, 

^ Biochemical Oxygen DemaJid or BOD ( BUY- o-KEM-ik- cull 
OX-zi-gen'de-MAND), , The 'BOD indicated' the rate of 
oxygen utilized by* wastewater under controlled con- v 
ditions of teip^Jerature and time. 



10 



Sludge (sluj). The settleable solids separated from 
liquids during processing or deposits on bottoms of 
streams or other bodies of water. 
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th^ -floating solids '(called scum) • At rectangular ^ks, 
.sludge and scum collectors are usually wooden beams ("flights") 
attached to endless chains. The collectoV flights travel on' 
the surface, in the -direction of the flow, conveying grease ^ 
and floatable solids down to the scum, trough to be skimmed 
off to the solids (sludge) handling facilities. The flights 
then drop below the surface and return to the inf luenf end ^ 
along -the bottom, movingin|he settled i^aw sludge to the sludge 
hopper. The sludge is periadically pumped from the hopper to 
the sludge handling facilities. 

In circular tanks, scrapers or^ploWs", attached to a rotating 
arm, rotate slowly around the bottom of the tank. The. plows 
push the settled sludge toward the center and into the sludge 
hopper-.- Scum is collected by a rotating blade at the surface. 
As in the case of' the rectangular tank, both scum and sludge 
are usually pumped_^ojthe_ splj^s^or slu^ facilities. 



The clear surface water of the primary tank flows out of the 
tank by passing over a weir. The weir myst be long enough to 
allow the treated Abater to,4eave at a low velocity; if it leaves 
at a high velocity, particles settling to the bottom or those 
already on the bottom may be picked up and carried out of the 
tank. 

^ • ' QUESTIONS 

3.5A ivhat is the purpose of "flights" or "plows" in 
^Tclarifier? 

3. SB. IVhat happens to the sludge- aii<l scum collected 
in a primary clariiier? * ^ 



3.6 SECONDARY TREATMENT, 



3.60 GSneral 

\ 

In many treatment j)lants*t}re wastewater flows out ot the ' ; 
primary clgxifier into another unit where i*t receives secondary 
or biologjrcal treatment . This means that the wastewater is 
exposed to living organisms (such as bacteria) which eat the 
dissolved and' nonsettleable organi<: material remaining in the 
waste* The two processes used almost universally for biologic^i 
treatment are the trickling filter and act i vated ' s ludge . These 
are both aerobic biological treatment processed, which means 
the organisms require dissolved oxygen* (Fig. 3,lr3) in order to 
live, eat, and reproduce. 




Fig.* 3.13' Organisms require dissolved oxygen 



3i61 Trickling Filter ^ t - 
- ■ „— i,.^ ■ ^ ^ ^ ^ ^ ^ 

TH^ trickling filter is one of the olde^ and most dependable 
0^ the__bio logical treatment processes^/ Most of these plants 
are removing 65 to 85% of the BOD and suspended solids present^ 



^g 

in the, influent. 
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The trickling filter is a bed of Ih to's-inch rode, slag 
blocks, or speci-^ly manufactured /'media'^^1 q^^^ which settled 
wastewater from the primary clarifier is distributed (Fi^. 
3,14), The settled wastewater is usually applied by an ^ 
overhead rotating distributor and trickles over and around 
the media as it flows downward to the effluent collection 
channel. Since the media and«4 the voi.ds in between .them are 
large (usually 2.5- to 4-inch diameter)', ,and since the applied 
wastewater no longer has any darge particles (they settled 
out in the clarifier), the •trickling filter does no^ remove 
solids^y a filtering action. 'Ijt would be more correct to 
callvthe filter a' biological contact bed or^iplogical reactor 
• since this is the function it performs^ The filter bed .offers 
'a place for aerobic bacteria and other.^rganis^ms"^ attach ^ 
themselves and multiply as tKey feed- on the passing waste- 
water. Tliis process of feeding on, or decomposing, waste is 
exactly* the sameMas t^he process occurring in the stream when 
waste 'is ^discharged to ^t. In, the trickling ' filter, however, 
-the organisms use the oxygen which enters the waste from the 
surrounding air, rather tj;ian using up the stream's supply of 
dissolved oxygen. ' Jhus the voids between the media must be , 
large so sufficient oxygen can be supplied by circulating air. 

The wastewater being distributed on the filter usually has 
passed through a primary clarifier, but it still contains - 
.approximately 70 percent of its original organic matter, • 
which I'epresents food for organisms, 1-or this~Teasbn a 
"tremendous 'population of organisms develops on the media. 
This pojJulation continues to grow as more* waste is applied. 
Eventually the layer tof organisms on the m&d\a gets so thick 
^tha^.some of inbreaks off (sloughs off) and is carried into . 
'the filter effluent channel. This material is normally called 
humus. * Since it is principally organic matter^ itS presence in 
a stream woujd be unUesirablre . Jt is usually remove'd by 
settling in a secondary clarifier . Humus sludge from the 
' secondary clarifier is usually returned to the primary^lari- 
fierj^^^o be resettled and pumped to Ihe sludge handling facili- 
ti^es i^long with the "raw" sludge which settles out as previousl 
described. * ^ / ' - 



Media. The material in a trickling filter over' which 
settled-^wastewater is sprinkled and then f lows_ over and 
around during' treatmenf. Slime organisms grow on the 
surf acer of ^the media and treat the wastewater. 
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'Fig. 3.14 ' .Triclcling filter 



\ 
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Another biological treatment unit that is used in secondary 
treatment, following the primary clarifier, is the aeration 
tank/ When aeration\tanks are used with the^ sedimentation 
process, the resulting plant called an activated sludge 
plant: The activated sludge process is widely'* used by large ^. 
cities and communities where land is expensive and where 
large volumes must be highly tteated,- economically, without 
creating a nuisance to neighbors, ^ Th e activated sludge plant 
is probably the most popular biological ^treatment process 
being built today for larger installations or small package 
.plants. These plants are capable of BOD and suspended solids 
reduction of up- to 90 or 99%, The activated sludge proces§ 
is .B.«biologicalo process, ^Ta it serves t^" same function as • 
a trickling filter. Effluent ' from a primary clarifter is / 
piped to a large "aeration tank (Fig, 3,]15), Air is supplied 
to the tank by either introducing compressed air into the 
bottom of , .the tank and letting it bubble through the waste- 
water and up to the top, or by churning the surface mechanically 
to introduce atmospheric' oxygen. 

Aerobic bacteria and other .'organisms thrive as they travel 
through the aeration' tank. With sufficient^food and oxygen . 
they muljtiply rapidly, as. in a trickling filter. By the time 
the waste reaches the end of th§ tank (usually '4 to 8 hours), 
most of the organic matter in the waste has been, used by the 
bacteril*^fcrr, producing new cells. The ^effluent from the 
tank, usually called "mixed liquor", consists of a suspension 
containing a .lar,g§ population of organisms and a liquid with 
very little BOD, The activated sludge forms a lacey network 
that captures pollutants. 

The organisms are removed, in the samQ manner as they were * 
in tTie trickling filter plant. The mixed liquor is piped* . " 
to a secondary clarifier, and the organisms settle, to the 
bottom of the tank while the clear effluent flows over the ' 
top of the effluent w6irs. This effluent is usually clearer 
than a, trickling filter effluent because the' suspended ^ 
material in the ifiixed liquor settled to the bottom of the 
clarifi-er more readi^ly than the material in a trickling^ 
filter effluent. The settled organisms are kijown as 
activated sludge ♦ They are extremely valuable to -the treatment 
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process. If 
fieri they wi 



f they are remaved quickly from the secondary clari- 
ill be in^good conditlon>and. hungry for more f ot)d 



(organic wastes) (Fig, 
3, 16), They are there-- 
fore pumped back (re- • 
circulated) to the 
influent end of the 
aeration* tank where ^ 
they are mixed with % 
the incoming waste- 
•••water. Here they 
begin all over again 
'to feed on the organic 
material in the waste, 
decon^osing it and 
creating new organisms. 

Left uncontrolled, the 
number of organisms 
would eventually be 
too great, and therefore 
4 some must periodically 
be removed. This is . 
accomplished by pumping 
a small amount of the 
activated sludge to the 
primary clarifier. The 
organisms settle in the 
• _ * clarifier along with 

the raw sludge and are 
removed to* the sludge 
^ , , handling ^facilities. 

There are m^y, variations of the conventional activated sludge 
process, but they all involve the saine basic principle. These 
variations will>e discussed in Chapter 7, Activated Sludge, 




ftg. 3,16 Hungry organisms 
' ready for 

more food 



3.63 Secondary Clarifiers 

As previously mentioned, trickling filters and activated sludge 
tanks produce effluents that contain darge populations of micro- 
organisms and associated materials (humus). These microorganisms 
must be removed frSm^he flow before. it can be discharged to the 
recedving waters. This task is usually accomplished by a 
secondary clarifier. In this tank the trickling fiiter humus or 
activated sludge separates from the liquid" and settles to the 
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bottom of the tank. It iS . removed to the primary clalrifier to 
be resettled viith the primlary sludge or returned to the'begin- 
ning of the secondary process- to continue treating^ the waste- 
water. The clear effluent' flows over a weir at the top of the 
tank. . - * - 



3.6A Would it be a gpod;idea to use trickling filte'r 
media of various sizes so it could pack together 



QUESTIONS 




3.6B Why is a secondary^ clarifier needed after a 
V trickling filter or aeration tank? 



3.6C Activated sludge can be pumped from the secondary 
clarifier to ' ' 



3.7 SOLIDS HANDLING AND DISPOSAL 



3.70 General 



Solids removed frota wastewater treatment processes are commonly 
broken down by a biological treatment process called sludge, 
digestion* After digestion and^dewatering the ^^maining. 
material may be used for £ertili>€ir or soil conditioner, . 
Some solids, such as scum from a cO^fier, may^e disposed of 
by burning or, burial. 




3.71 ^ Digestion' and Dewatering ^ 

Settled sludge from the p:rimary clarifier and occasic 
settled sludge from the secondary clarifier are peribdicaT 
pumped to a digestion tank. The. tank is usually completely 
'sealed to exclude any air from getting in (Fig, 3,17), This 
^ type 'of digester is called an anaerobic digester because of 
the anaerobic bacteria that abound in the tank. Anaerobic 
bacteria thrive in an environment devoid of dissolved oxygen 
by using the oxygen which is chemically combined with their 
•food supply. ' * 

Two major typesr of bacteria are present in the digester. The 
first group starts e^ting^ on* the organise portion of the sludge 
to form organic acids and carbon dioxide gas. Thes'e bacteria 
are called "acid formers". The second group breaks down the 
organic acids 'to simpler compounds and forms methane and 
^carbon dioxide gas. These bacteria are called "gas^ formers". 
' The gas is usually used to heat the digester or to run engines 
in the plant. The. production of gas indicates that organic 
material is being eaten by the bacteria, A sludge is u,sually 
considered properly digested when 50 percent of the organic, 
matter has been destroyed and converted to gas. This noirmally 
takes approximately 30 "days if the temperature' is kept .at 
about 950p. > ^ . ' * 



^DOU 



Most digestion tanks ^are mixed to continuously briilg the food 
* to the organisms, to provide a uniform temperature, ^and to avoid 
the formation of thick scum blankets. ^Vfhen a digester is not 
being mixed the solids settj^ to the bottom, leaving an amber- 
colored liquid above the sludge known as supernatant > The 



l\ supernatant is displaced from the tank each Jtime a fresh 
charge of raw sludge is pumped from the primary clarifier. 
The displaced! supernatant usually is returned from -the 
digester back to the ^lant 'headworks and mixed with in- 
coming raw wastes. Supernatant .return should be slow to 
prevent overloading or shock loading of the plant. 

Above the supernatant level' a scum blanket will usually 
, develop. Scum blankets consist of grease, soap, rubber 

goods, hair, petroleum products, plastics, and filter tips 

from cigarettes. These scum blankets may contain most- of 
. the added food or sludge. Digestion organisms' are usually 

belovl the supernatant and. little digestion will* occur if 
^the (prganisms and food'' don't get together. Control of 

scum blankets consists of mixing the digester contents 

and ,liuming or burying skimmings instead of pumping them * 

to. the digester. 

Above the scum blanket or normal water level is the gas 
collection ared. Digester gas is normally about 70% methane' 
and 30% carbon dioxide.' Itfhen mixed with air, digester gas 
is extremely explosive (Fig. 3118)'. ' ' ^ " ' * . 




Fig. 3.18 Don't allow digester -gas and air to mix 

In most newer plants digesting takes 'place in two tanks. The 
first or primary digester is usually heated and*^ mixed. Rapid 
digestion takes place along with most of the gas production. 
In' the. secondary tank, the digested sludge and • supernatant axe 
allowed to separate, thus producing a clearer supernatant a^jd 
better digested sludge. ^ * 

Digested sludge from ithe 9ottom'of the tank is periodically 
removed for dewatering. This Is accomplished in sand diying 
beds (Fig. 3.19), lagoons, centrifuges, and vacuum filters- 
(Fijg. 3.20). The sludge is then burned, buried, or used as 
fertilizer, on certain crops^ (not on crops which are eaten 
without cooking). Sludge that has he^n adequately "digested 
drains rea'dily and is not offensive. 
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Fig. 3.19 Sludge drying bed " r 
(Courtesy Wal^r Pollut^ion Control Federation} 



VACUUM FILTER 



5iu(k}e Picfcuo a 
Ocvoieng by VoQwn 




Dim 



Fig, 3 •20' Vacuum filter 
(Courtesy Water Pollution' Control Federation)' 
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Some of today *s activated sludge 
with aerobi.c digesters. An- aerobic 
open tank with coropressed-^iir beinj: 
Destruction .of 'organic matter is... ac 
which require dissolved oxygen to:j: 
of this .process is that there is*nc 
'duced. On the other hand, this is 
the anaerobic 'digester gas is used 
engines around the plant. Aerobic 
digester doesn^t thicken as readil) 
aerobic digester. Aerobic sludge i 
equivalent concentration of anaerot 



3,72 Incineration 



tifeatment plants are equipped 
digester is ususally an 
blown through the sludge, 
ccomn^ishecl by bacteria 
.urvive. One advant^ige 
ex|il*o>ive gas being pro- 
also'avdisadvantage sincte 
as.' a^ fuel for boilers and 
sludge from an aerobic 
asr sludge from an an- 
filters about as well as* an 
ic sludge. 



Burning of wet sludge by wet oxidation or of dewatered sludge 
are possible methods of ultimate disppsal;. however, .the process 
mast not create .an air -pollution problem.* To prevent skimmings 
from clarifiers causing operational problems/ iti^ineration or 
burial ate usedt,.^ ' . ^ - . 



^ QUESTIONS \ 

3,7A \Vhat two basic types of bacteria are present 
in an anaerobic digester?.. 

3,7B Vmy are digesters mixed? , 

3,7C .;Ust;:t^me-'Of the ways to. dispose, o-f digested 



1 



. 3 • 8 ^WASTE TREATMENT PONDS 



A special 'method of biologi^l treatment deserving attention 
is wastewater treatment ponds (Fig. 3.21) • They do not 
resemble the concrete and steel structures or the mechanical 
devices that have, been previously discu'Ssed. But these simple* 
depressions in the ground are capable* of producing^ an effluent 
comparable to ^ome of the most* modem plants with aspect tp.. 
BOD -and bacteria reducti'on. 

In some treatm^nt'^^^pl ants, wastewater being treated may f-U 
^through a coarse screen and flow metfr befofe^lt f low^<^hr6ugh^ 
a series "of ponds. In otfie^pl^nts the ponds^^may b/^ located 
after primary treatment,, while *:^n somejpl^nts .they are placed 
after trickling filters.^ pe-type oZ treatment procesl^ and 
the locatidn of j^nds are (determined 'by the design -engi 
on the basis of economics and the d6gre^ of treatment tequired 
to meet tKe water quality standards of the receiving. waters, 

IVheri vyastewater- is discharged to a pond, the settleaj^le solids 
•fall" to the'bottonv just as ^they -dp ,in a primary cl^r if ier. 
The^vsblids begin to ^ecompose^ and sot^n^^se up all vhe di^olv^d 
Qytymn in the iiea^rby water.* fk population,of anaero'bic bacteria 
the'^cpn^iHies th*^ decomposition, much .the samfe .as in an 
*ai^er|kW<:^^^st%r/ A$ the organic -flatter is destroyed, methane 
^d'-lfrUofl^ the' carbon dioxide rises 

to tft?Qi3?%SK:e^ some' of ^ convert it to 

oxygen byU ^pt;o?'ynth^sis. ..'This *:^s the same 

'process use ^ ^ ..^ . , . 

other microorganisms feed otC t^' dj.ssoI;/ed^sdJid^. in th^ upper 
layer of the pond much the §amfe way''tV>^-So in ^^^trickling . 
filter or aeration tank. ' Algae^pr^dl^^pVj??^^.? the other, 
organisms to use. - ' * ' ^ ^ I ^ * * 



Some. shallow ponds (3 to 6 feet 
throughout their entire depth, 
ponds. iThey usually have a"m§ 
plus their oxygen suppiy f: 




)iave' diss<51ved oxygen 
ondis eixS^ called aerobic 
apparatus ^ adding oxygen 



^2 Photosynthesis (foto-SIN-tha-sis)y A process in .which 
chlorophyll ''('8^6®^ P^snt tissue^r^on verts c'arbon dioxide 
and inorganic substsaices to oxygen aivd additional plant 
' material utilizing 'sunlight for e^Vgy. ^ tand plants grow 
by. the same process. * ^ ^ ' " . / ' 
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Djsep C8 to 42'£eet) , heavily loaded ponds may be devoid of 

oxygen, .througteiut their' depth, ' These pond^' are cdlled anaerobic 

ponds* At times, these ponds can be quite "odorous, and they 

aye used in sparsely populated. areas only,- 
% * ' •* » - 

Poiids that contain an a^obic tfop layef ^nd an anaerobic 
bottom layer ate called facultative ponds < These are the 
ponds noVmally seen in most areas. If they are properly 
designed and operated, they are virtually odor free and produce 
a well-oxidized (low BOD) effluent, ^ 

^ • * ^ 

Occasi^onally pon-ds are used after 'a primary treatment unit. 

In this cas^e, they are Usually called oxidation pon(is. When 

they are-oised to tf eat* raw wastewater, they ^ are called raw « 

wastewater lagoons or waste stabilization pojids. 

The e;fflue.nt froii^i)onds is. usually moide^-ately low in bacteria.-^ 
This JLs especially I true when the effluent nins from one pond 
to another er mor^VCsefies'-flQw) , The long detention time,, 
lisually a month i)^fmore,-is required in order for harmful 
''bacteria and unties ilpaljle solids to be removed from the pond 
effluent. If they're ceiving waters axe used for water' supply 
or body contact sports, chlorination of .the effluent may still 
be required, • # ^ ' . 

. ^ ' . \ ^ . . 

QUESTIOhP 

3.8A How are' facultative pon^s similar to: 
1^^ a cl-arifijjr? ^ ' 

2, atligester? ' *^ 

' 3, ^an aeration tank? ^ \ ^ 
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3^9 ADVANCED METHODS OF TREATING WASTEWATER 



The treatment processes described so far in this' chapter are 
considered conventionai \treatmenf^ processes. As our population 
gtows^and industry expan^s^ more effective treatment processes 
will be required. Advancea\^ethods of 'waste treatment may ^ 
follow conventional processes'^^or th.6y may \^ used 'instead ^f 
thesfe processes. Sometimes advanced methods\of wa6te treat- 
men»t are called tertiary (TER-she-AIR-ee) treatment J)e cause 
they frequently foHow secondary treatment. Advanced me»thods * 
of waste treatment inclucte. coagulation-sedimentation (used in 
'water treatment plants) , /adsorption, and electrodialysis. 
Other new treatiuent ^.processes that may be^used'^in the future ' 
include > reverse osmosis, chemical oxidation, apd the use of 
polymers, ^ , . * 




Advanced methods of treatment are used tj/reduce the nutrient 
content ffiitrates^ and phosphates) of wastewater to prevent 
blooms of a'lgae in lakes, reservoirs, or streams. Carbon 
filters are used to reduce the last trace s\ff organic materials. 
In some parts ef tire arid west advanced methods are used to 
enable the use .of the plant effluent for recreational r^es'er- 
voirs. 



QUEiSTTON 

3 .PA If wastewater f!rom a secondary treatipent 
plant I7ere coagulated wfth alui;i or lime 
and settled" in a clarifier, would thi^ be 
" • considered a m(!l:hod of advanced waste"* 
' • trea:riffent? ' ^ 
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3/10 DISINFECTIOI? 



Although the settling process and biological ppdcesses remove - 
a. great niimben, of organisms from the^ w|Lstewa;t^ flow, there 
remain many* thousands of bacteri<a in every milliliter of 
wastewater leaving the'-secondary-clarifier. If there are 
fiui^an wastes in the water, it is possible ^hat some of the 
bacteria are pathogenic , or harmful to man\ . TheVefore, " 
4f the treated wastewate^r, is discharged to a receiving water 
that is used foi* a drinking wategr supply oTr swimming or wading, ^ 
the water pollution control agency or health 'depart;m^ent i^l 1 , ^; 
usually require disififection of the effjuent prior to discharge*. 

Disinfection is. usually defined as the killing of pathogenic \ 
organisms. The killing of all organisms is called sterilization. 
Sterilization is not accomplished in treatment plants as the 
final effjuent affer disinfection always contains some living 
organisms* 3ue to the , inefficiency of the killing process; 

Disinfection^ can be accomplished by almost any process that 
will create a harsh environment for the orga^nisms. Stroiig 
light, heat, oxidizing chemicals, acids, alkalies, p'oisdns, 
and many other substances will disinfect.' Most disinfection 
in wastewater, treatment plarits is accompliWied by chlorine, 
which is a strong oxidizing^ chemical, 

Chlorine gas is used in most treatment plant-s although sol^ 
of the smaller plants use a liquid chlorine solution as their 
sour.ce. The dangers in using chlorine gas, however, have' 
prompted' some of the larger plants, to switch to hypochlorite 
'Solution (bleach) even though it is more e^cpens'ive. 

Chlojine ga^ is withdrawn from pressurized cylinders^ ton*^ining 
liquid chlorine and mixed with water or treated wastewater to 
make up a strong chlorine solution. Liquid hypochlorite solution 
can be used *directly. The strong chlorine solution is then mixed 
with the effluent from the secondary clarifier* The effluent 
is then directed to a chlorine cbntact basin. The ba^in can be 
any sdze or shape, but better results are obtained if tJ^e tank 
is* long and narrow. THis shape , prevents, rapid movement oj* short 
circuiting through the tan^. Squarfe or rectangular tanks can 
be baffled to achieve this effect (Fig. 3*22). Tanks are usually 
designed to provide approximately 2Cig^'"3Tf minutes theoretical^* 
contact time, a^l though th^ trend is to longer times If the 
plant's outfall line is .of sufficient length,, it may^^ function as 
an excellent conl/act chamber since^'short circuiting will not occur 
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CHLORINE CONTACT BASIN 




3, 11 ADDITIONAL REAQJNG 



Some boo]t:s you can read to obtain further iivformation on 
the treatment plant and the various processes involved arej 



a. MOP 11 

b. NevT-YorV Manual ' ^ . 

c. <^ Texas Manual » * ' ' ' ' ' . * 

d. Sewage Treatment Practices , byBloodgood 

e. ^ Babbitt, Harold B.^ and E/ Robert Bauman, Sewerage an'd 
• $ewage^ Treatment ,^ John Wiley and Sons, New York ^Eighth 

Edition*, 1958^ $10. 75^^ « : . -"I 

^ ^ * j , ' 

£. , §ainmar^ Report^. Advanced Waste Treatment , July 1964^ ^ * s 
V Ju*)r l967, U. SV bepartment of Interior, -FWPCA, WP-2p- 
' AWTR:-19. Available from. the Publications' Office, Ohio ' 
Basin kegioit. Environmental Prot^ectioh /Agency, Wa^r" 
Quality Office, Cincinnati, Ohio 45226^ . ^ 

g. • Santee Reereat^^nl Proceedings^ Santee^ California * -U.S. 

Department of. Interior,- FWPCA; V^20-7 1!»967) ^ Available / 



from Publications Office sourc^^fven in' (f) • above,, 

A Primer on Waste Water Treatment , prepared by the Office* 
of Public Information, Federal Water Quality Administration, 
aVA-12, October 1969. Available from Super iivtendent of 
Documents', U,S. Government Printing-office; Washington, 



D.C, 20402. Price $0«55, 

■ ■ ■ ■■ / • 



* • 
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4.1 INTRODUCTION TO PRETREATMENT 



In- various ways, a little or a lot of almost every tjiing finds 
its way into sewers and ends up at the wastewater^treatment. 
'.plant. Cans, bottles', pieces of scrap metal, stitks, rocks,.^ 
bricks, plastic toys-, plastic lids, caps -from toothpaste tube's, 
towels and other r^gs^ sand--all ;are foun^ in the plant 
inf lueVt . * • • ' . . . 

These matei'ials are troublesome in.^various" ways. /Pieces of 
metal, rocks, and similar items will cau^e pipes to plug, m^y 
damage or plug pumps, of Jam sludge t:allect03: mechanisms in * ./ 
settling <j:anks -X clarifiers) .'^ ' Sand, egg6be^ll's, and similar 
materials' (grit) can |ilug.,pipes^ cause excessive werar in pumps, 
'and u^e up va^^able sj)ac,e in the sludge digesters . ^ . ' 

If a. buried- or.^ otherwise ii\acce3sible pip^ -is plugged, or a 
sludge collector mechanism jains, .or a -critical/pump is put out 
of commission, serious consequences' can -resulp. Reduced plant, 
efficiency allows ^ he,avy* pollutional load onvthe receiving , , 
w.aters^, causing .healtn hazards to downstream water users, sludge 
deposits in stream or; lake (wi4;h 'resultant odors and unsightliness) ^ 
and sometj-iiies causing the death of fish ancj other aqudtic life. ; 
Also, a go^d de^l of hat4-^sometimes rather ^unpleasant) work - is 
involved, and usually there are heavy (and unbudgeted) expenses. 

' • ^ ^ - , . ..^ '^V ^ 

With thes9 things injiind, it is evident that an important part 
ojf a wastewat'e*!r treajtment plant i's tfie equipment used to remove ^ 
.the rocks and 'other materials as early as pos'sibie; These iteftis 
tyf 'equipmetit are screens, racks i comminutors , ^nd ^grits remo^%^ 
devices and are called pretireatment facilities. See Fig. 4.1 for 
iocatioh of these processes in a typical plant. 



^ fnfluent (IN-flu-erit)'. Wastewater' or other li^quid--raw ot . 

partlr/. treated — flowing-, into^ a reservoir, -basin, • treatment 

p!bocessi or treatijent plant. - ' ^ . 

• * . • . > \ . 

^ tlarifier' (lOlArR^i-fire) (settling tank,f sediment^ation basin);. 
•'A tank or, b.asin in which wastewater is held for a-*period of 
,£ime so tl>at the heavier solids settle to the bottpm and* the,, 
Ughtfer material will float to the water surface.. 

^T)igester (die-JEST-er) . A tank in which sludge is placed to • 
allow sludge digestion* to -occuf. Digestion m^y occur und^r 
anaerobic t^nore 'dOmmon) of aeyobic conditions. 
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Fig, 4.1 Flow diagram of typical ^lant 



'4.i SCREEfc{S ANd RACKS 

Parallel bars may. be placed at an angle in a channel in sUch' 
a manner that ^ the wastewater will flow through the bars, but 
• the large .splids will be caught on the bars, .These bars are 
commonly c'alled racks -when the- spacing between them is 3'* ,t'o 
4** or more. When the spacing is about 1" to they are 
usually called" bar screens , 

4,2t) Manually Cleaned Bar Screens • 

Manually cleaned bar screens (Fig, 4,2) require frequent, 
attention. As debris collects on ^he screen, it blocks the 
channel, causing the wastewater to back up into the sewer. 
This, in tura, •causes organic materials ^ to settle out; 
'the dissolved igxygen ^ is depleted; and septic^ conditions * 
develop, producing hydrogen sulfide which causes a rotten egg 
Tsdor and i's cojxosive to concrete, m'etal, and paint. If 
cleaning of the screens is infrequent the sudden rush^(wh6n 
they do get cleaned) of septic 'wastewater creates a sudden 
''shock" lodd on the plari»t , --sometime^, resulting in a-poor / 
qualify plants reff luent , ^ * 

. _ t . J. . \ V . , 

- ^ 

^ Organic, Mate rial. Material- which com'fes from animal' or 
v'e^etable sources'. Organic material* generally cart be 
consumed by bacteria ancj other *sma-ll org-anisms. Inorganic 
materials are chemical substances of mineVal origin and 
may 'Contain carbon -ahd oxygen^ whereas 'orgaivic materials . 
contain mainly carbon and hydrogen along with other elements 

^ Dissolved Oxygen, Atmosphetit oxygen dissolved in water 
or wastew'ater, usually abBreviated DO. 

Septip (SEP-tick), Wastewater*' devoid of dissolved oxygen, 

* If ^severe', the wastewater turns black,, givihg off foul 

• odors and creating a large oxygen demand, 

^ Effluent' (EF-lu-ent). Wastewater or other^iquid— raw, ^ 
partially, or completely treated-- flowing from' a bas^n, 
treatment prpceiss, or treatment plant, 



Cleaning of bar screens is accomplished ^With a rake with tines 
(prongs) which will fit between the bars. Extreme caution 
should be taken when raking the screens-footing may be poor r , 
due to the water 'and pease underfoot^ lack of enough room to stand , 
location of the receptacle for the debris, etcV .You should look 
this area' over carefully to spot hazard's and' take corrective action . 




Good.hous.e.H^epADgi.a guard rail, .a hangar or oth^r atotagg for - 
the rake, gqod foating, etc. will greatly reduce the possibility 
of i>Qjury >^g^ . . . - ' 



4.21 Mechanically^ Cleaned Screens 

Mechanically cleaned screens (Frg. 4.3) 'overcome the problem of- 
wastewater backing up and greatly reduce the time -required .to 
take care- of this part of ^your plant. There, are various types . 
of mechanisms in use, the more common b^ing traveling xakes / - 
which bri^g the debris up out of the channel and into hoppers 
^ or other receptacles. .You should keep these units well lubricated, 
and adjusted. Follow the manufacturer's recommendations carefully. 
A few minutes spent in proper maintenance procedures can save hours 
or days of trouble and help to keep tjie plant operating efficiently.*. 

Occasionally some debris will be present which the equipment 
' cannot remove. Periodic checks should be made so that, these | 
.materials can be removed by hand. T6 determine ifsome 'materr^l 
3 is stuck in tlie screen, divert the flow through ano^er channel^ 

or ''feel"' across the screen with a rake or similar device. 




4-5 



'1 




> 



Always shut the unit off first . Never reach into the operating rangQ 
of" machinery while it is rtbttiing. Slow-moving equipment is especially 
hazardous. Because it mov.es slowly, it does- not appear dangerous. 
However*, most geard-down machinery is so powerful that it can ^^trsh 
almost any obstruction. A HUMAN HAND, FOR .INSTANCE, OFfERS LimE 
RESISTANCE TO' THIS TYPE OF ^EQUIPMENT . ^ ^ ' ^ 

-^r-r^S ^ ^ \ ^ ^ 1 — ^ 

Various other' mechanical metliods are in use, involying*actual coarse 
screens or perforated sfieet metal. These units are automatically 
cleaned with scrapers, rotating brushes, water sprays, or air jets. 
The screens may be in the form of belts, discs, ot drums set iij a 
channel so that the wastewater flows through ;t:he subTherged portion, 
with the collected "debriSv^being removed as it passes the J?rushes'or 
sprays^. * . ^ ' • ^ ** 



4.3' DISPOSAL OF SCREENINGS 



ThQ -materia 1^ removed from the screens is veiy offensive and hazardous. 
It produces obnoxious odors and draws rats and flies. .Burial, 
incineration, aad shredding or grinding are thr,ee common methods 
of'disposal. If the screenings are buriied, at least six inches 
of earth cover must be provided immediately. The final earth 
cover n)ust b6' deep enough to^-prevent flies from reaching the 
screenings through, cracks cause^i by settling* At small plants with 
manually .cleaned bar screens, an enterprising operator can make 
-a "press'' from a 'piece of , steel pipe or casing, using a heav/ screw, 
rack and pinion, or even an automobile jack to provide. pxesstire, to 
dewa-ter the screenings before disposal. The practice of using 
grinders (shredders, disintegriiters , etc.) to cut up screenings 'and 
return them to the effluent can impose great load *on following , 
treatment processes. • . 
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4,4 COMMINUTION Ccom-min-OO-shun) 



.Comminutors are devices which act as a cutter and a screen. 
Their purpose is to shred (comminute) the solids anS. leave 
them in the wastewater. This overcome.s problems of screen- 
ings disposal. As with screens, they are itiowfted in a 
channel, and the wastewater flows through 'them, Tlie rags, 
etc., are shredded by cutters (teeth) until they can pass 
through the openings. Pieces of wopd and plastic are. ,re jected 
-and must be removed by hand. Most of these units have, a^ 
shallpw pit in front of them to catch rocks and scrap metai; 
The flow to the comminutor should be shut off periodically 
and the debris removed -from the trap. The frequency of 
checking the trap can be determined from experience. However^ 
it is not wise to allow more'- than a few days between chpcks. 

A comminutor consists of a rotating drum with slots for the 
wastewater to pass through (Fig. 4.4), Cutting teeth are 
mounte.d in rdWs on the drum. The teeth pasa through cutter 
bars orS'combs" with very small clearances so that a- shearing 
actionals obtained. ^ The wastewater passes into the vertically 
mounted- drum through, the slots in the 'drum and* flows out the , 
'bott-qmV A rubber seaH held in plage by a bolted-down ring, 
prevents leakage under the drum. This seal should be checked^ 
whenever the rock and scrap metal trap is checked. ■ 

•Some comminutors also have a mercury seal (Fig. 4.5) -to keep 
water out of • the bearings. This is because these units are 
designed so that, at their rated capacity, the top of the 
drum will be imder several inches of water; This head loss^ 
"wiir be specified in the manufacturer's instructions* The . 
mercury, seal.' should be checked annually or after a particularly 
heayy flow. Drain the mercury; weigh i,t (the amount of mercury 
•-win be specified by weight); and if it "is^ dirty, strain it^ 
through some heavy material (such as. deaim or chamois) before 
putting it back in the^ comminutor. (You* will probably have to 



' • - • . ... 

^ Head Loss.* "Head" is a^coimnon term used iti discussing ^. 

pumps. It is a way of expressing pressure'- in terms p£ , ^ 

the height 'of vertical colupi of water. Tn this cas^-, 

the. head loss is the height ^o whic;)i the wat6r must build . 

up in front of the drum until there is sufficient pressu:?*© 

to .force that particular amount of wate;:' through the slots 

(Rig. 4.4). . ^ . . ' ' ' V ':-^\ 
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squeeze the mercy^ through the cloth 'or, if laboratory equipment 
is«'availab"ie, -use a suction flask.)" Add more, mercury i-f .needed. 




cAutiorsi 

CAUTIONi 

CAUTIO 



Mercu'ry is -poisonous , Breathing the fumes ' cari be fatal or cause • 
•loss oFhair and Xefeth, Wash up thoroughly after handling it, 
Remove gold rings, ^tc, from' ygur hands first, as they may end up 
coated with mercury. If your. ring is Jthu's ceiated, will have to 
be heated_to bum off the mercury. If^you must handle 6r work with 
mercury, be sure to. work* over a lar^e jtfay in order to. catch any ^ 
spills, * Plenty of fresh air ventilation is anj-absolute must ,, 

~ '■ ' Z ' ^- — - • t — '• ^- — : 

There are ^nmny yariations of* the -coqiminutbr. One of the more common 
ones' has the- trade name of /'b^rminutor**' ^Eig/4,.6). This unit con- . 
sists of a bar screen made of^U-shaped bars- and a rotatiifg *drum with 
, teeth and '^sh'fe^r bar^". The \-otat-infe drum Ir^vel^ up and , down the 
bar screen. Careiul 'attentioTi inust 'be given to maintaining'.the^- oil 
leva! in these ^iacnine%; ot})erwise^' water may get into* the bearings. 
Consult the jnanufap.turer''S Instructions for detailed procedures. 
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/*4.5 GRIT REMOVAL 



Grit [sand, eggshells, cifMers, etc.) is the heavier mineral 
matter in wastewater whiclT will. not decompose^ or ''b;reaic ddwn'^. 
It causes excessive wear pumps. A mixture'^of grit, tar,.^ 
greVse and othet^ cementing materia^ls can .form a solid mass in 
pipes and digesters that will not move Ijy ordinary means. 
Consequ^tly, g^it' sh9uld be removed as sbon as .possible after 
reaching the plant ^ ^ * • > 



4.6 GRIT CHAMBf«S XFig- 4.»7) 




The simplest means of removing grit from the wastewater f Iqw 
is to pass it through channels or tank^ which allow ^||^. velocity 
• of flow to be reduced to a range«.of 0.7 to. 1/4 ft/sec. The 
o'bjective is ta allow the grit to settle to the bottom, while 
kee^^gb^jfehe/^ighter organic solids moving along" to, the next 
^eSt'ment unit .. Experience has shown th'at a. flow:^ through 
-ve^lority of oneToot per second (ft/sec) is best. 

Velocity is controlled by several means. Wi^ multiple- 
'^channel installations, the operator may vai:y the number of 
ihannels tchamb^s) in service at any one* time to. maintain, a 
flow velocity: of approximately one ft/sec in ^he grit chambers.. 
Other methois involve tlie Ose of proportional weirs Cfig. 4.8) . 
at the outlet for automatic re'^gulation. ^ 





if 






1 ^SURFACE 


f 




>::iV 





Fig. '4.8 Proportional weir 
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STOP GATES 



• Fig. 4.7, Grit Chamber , ' J . i 



Inser't when 
cleaning to- 
prevent backflow 
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The proportional weir in Fig. 4. 8 'wilT. tend to de ere ale the 
- ve^locity in the grit chambers when the flows increase because ^ 
the" exit area will -decrease, thus ^increasing the depth of water 
flow in the channel. If the 'operator wishes to increase the 
velocity in a , grit chamber, he could use a proportional weir 
and tum it over so the exit area increased as the flow in- 
creased, This would tend to keep the depth of water flow in 
the channel low and cause- higher 'velocitiesv A barrier with 
a variable height at the outlet of the grit chamber can be 
used instead of a proportional weir to re<^ulate velocities. 

Flow velocities also may be regulated by\the shape of the grit 
chamber instead of placing devices at the outlet. Some' grit 
chambers have oross-sectional shapes similar to a proportional 
weir. ■ The operator mfey regulate the v^lociti^es in a grit 
chamber by using boards to change cross-sectional shape, but 

should seriously consider "any liaintenance or operational 
problems that might develop when trying to' keep tTie grit chamber 
plean. * * 

A simple method of estimatin^^he velocity is to place a stick 
in the channel and time its travel for a measured distance. 
Calculate as follows: ^-^'-^.^ 

« 

, f Distance traveled, ft 

Velocity, ft/sec = — ■ — ■ v ■ ■ — ■ — ^^-^ 

^ * ' Time, sec 

Example^^' ' ' • / 

A stick travels 25 feet in 20 seconds: { ' 

Solution: * 1 .25 . 

-> Distance "ft 20 f^sM ■ 

Velocity, ft/sec = "^f^ . ^ . 'r . ^A 20 

Tiine, sec > . v 

25lft . ■ '40 



*• 20 sec • 1 00 

. 1 00 



= 1.25 ft/sec 



0 



The actual velocity probably will'be slightly higher than your 
estimate, but it is^ a very quikk way to check the grit chamber 
velocity. ' * ■ , ' ) - _ 



Removal of; grit ranges from UjSe of *a^ scoop shovel to Various 
types of collectors and conveyors. For hand-cleaned chambers, 
the frequency of cleaning, is determined by experience. If - 
the chjannel can be removed frpm- service during the cleaning 
operation; the job is made ^easier, and no grit is washed into 
the plant; 

Since th^re is always a small amount of organic matter m the 
grit chamber, disposal of grit should be treated the same as 
screenings.- BUrial is the most satisfactory disposal method. 
Failure to quickly cover grit'^ results in odors and attracts 
flies and rat$i ^ . 

c 

Cleaning grit chambers manually can be quite hazardous . Take . 

^ ' .precautions against ^ 



slipping and ba'ckr 
strain* Beware of 
dangerous gases when 
working in covered 
grit chambers . 

There are*- many types 
of mechanical grit 
colle^ctor mechanisms. 
Common ones are chai^i* 
driven scrapers ' 
(called "flights") 
(Fig. 4.10) that are ' 
moved slowly along 
the bottom and up 

an incline out' of 

the water to a 
hopper, or along . > 
the bottom to ah 
underwater trpugh ' 
where a screw coji- 
^eyor lifts th^^grit to a storage hopper or truck. Some 
desi^*^*»use- conveyor belts with buckets att'ache^. 

* . ' . ^ ' * ' 

An aerated .^rit chamber is actually a tank with a*sIoping'' 
bottom and a hopper or trough cin the lower end (Fig, 4. It). 
Air is injected^ aTong the wall of the tank above the trough. 
The rolling action' df the water in the tank moves the gri 
along* the bo'ftom to.-the^ gri't hopper. Grit is removed* fi:om 
the hopper by a conveyor system. 

Aefated grit chambers are most frequently found af^^^jxivated 
•sludge plants where there is a readily ayailable^jir supply, 
and €h^ pre-aeratipn helps' 'to ;" freshen" the wastewater. The 
older wastewater becomes the niore difficult it is to treat. A 
freshening process tends tso make later processes more effective. 




^-15 
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Fig, 4,10 -Qiain-driven scrapers^, (f.lights) 

(Courtesy Jeffrey Mfg. Co.) 



A grit chamber with a slower flow velocity than recommended may 
allow appreciable organic *inatter to settle out with the grit. 
This mixture of grit and organic rnatter is called detritus. , 
In some plants grit chambers ar^ called detritus tanks . Organic 
-matte-:^-ma)^-fee— s^ar^t ed- from-t-he grit -by -b-low^ing^ai-r-t-luwigh-o-r-- - 
washing the detritus tq resuspend the organic matter, /Centri- 
fuges ^Isb are.KusecJ to. separate grit from sludge or organic matter 
from grit. t^y^ ^ , \ ^ 



Detritus .(de-TRI-tus) , 
^ by wastewater. 



The heavy, 'coarse material carried* 
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4.7* QUANTITIES OF GRIT 



Plants having well-constructed separate wastewater collection 
sysfems can^ usually expect to average 1 to^ 4 cu ft of grit 
per million gallons, C'flyese' quantities have been rising in 
receAt years due to jaPuseSold garbage grinders . They can 
^also be expected to increase during ^storm periods, ^ 

Plants receivi^ig waste *fronr<^combihed collection systems can 
expect to average- 4 to 15 cu ^t of grit per million gallons 
with peaks' during storm periods many times -higher. Grit 
collected during stonfi periods has been reported at over- 
500 cu ft per mijflion gallons, probably the resujt of flow 
from broken sewers or open channels.' 

Records, of grit quantities should be kept in the same manner 
as for screenings. ^ 



• ' QUESTION ' - , A ' 

, , ————— 

4.7A Your, plant has an aveVage Iflow of 2.0 MGD^ 
.An average of 4 cu. ft; of grit is removed 
eacli day. How many cu ft of grit per MG 
of 'flow are removed? 



4.8. GRIT WASHING 



In some cases it is necessary or desirab le tp -^use grit as 
fill material. ^Since a small amount of organi'fefliimaterial 
settles out with the sand, etc., it becomfe's necessary tb^. 
"wash" the grit. ..-There 'are' a number of devices built for ^ 
this purpose. ,^ost^ usb water tt)*wash the 'grit as it is 
being*removea frpm -the grit chamber (Fig. 4.12)-. In ae}?atjed 
grit chambers, the^^gfit i3 ordinarily free enough, of organics 
that it may be/considered "washed". Chapter 5 of the Water 
Pollution Control Federation's Manual of Practice Ho. 11 
has- additional— information and should be,:read carefully by • 
the operator. . " ' , . , 



QUESTION 



*4.8A Iffiy is 'it sometimes necessary or desirable 
to "wash" grit? '< *^ 



4.9 PREAERATION- ' • 

^ Preaeration is a wastewater treatment proce'ss used to freshen • , 
wastewater, remove gases, add oxygen; promote flotation of 
grease, and aid coagularion. The freshening of wastewater 
improves the effectiveness of following treal»nent processes ♦ 
Theprocess is usually located i)e fore primary sedimentation 
(Fli. 4.1). Other prcJ.cesses u?ed to accomplish freshening 
include ozonation and prechlorinatioa. 

Preaferation consists of aerating wastewater in a channel or 
separate . tank ^r 10 to 30 minutes. Aeration may be accomplished 
j^by either mech^ical surface aerat-ion units or diffused air ' 
^^^yst^m,^^ Air application rates with a diffused -air system' ' 
nd^mally range from 0.5 to 1.0 cu ft of air per gallon of waste- ' 
/ater treated. / 



_^^>^iO^^ ADDITIONAL READING \ ' / 



a, MOP 11, pages 17-24 ^ y 

b. New Yo rk Manual', pag es 27-29 



c. T^xas Manual, pages 160-173 . - 

r 

M. Sewage Treatment ' Practices, by Bloodgood, 
pages 19-22 and' 26-34 ^ ^ 



See Chapter 7, Activated Sludge., for a discusJion oil 

flpf^^il-inn far*-! 1 4 1-4 oe . . I 



11 

aeration facilities • 
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CHAPTER 5. SEi)I MENTATION AND FLOTATION 



(Lessgn'l of 3 Lessons) 



5,0 INTR0DU6TI0N • , - . ^ ^ 

• ^ ; • • (o 

Raw or untreated wastewater contains some materials, which frill 
settle to the bottom or float to the water surfaqe readily wKbn . • 
the wastewater velocity is allowe4 to become very slow, Sewejqs 
are designed to allow the raw wastev^rater to floy^ rapidly to / 
prevent this from happening. Grit^ chambers (see Chapter 4) a?e 
designed to allow tlhe wastewater to flow at a slightly , Slower ' 
rate than irf the servers, s'o that heayy, inorganic grit'will 
settle to , the bottohi where it can be ^removed. Settling tanks' 
decrease the wastewater velocity, far below the' velocity in a ' . 
collection sewer.' ^ ^ • ^ ^ ' 

' : 

In most municipal wastewater trea'tment plants, the treatment unit 
which immediajtely follows 'the grit chamber (see Figs. 5.1 and 
5.2 for typickl plant layout) is* the sedimentation ^nd flotation 
uni t . This unit is sometimes called a settling tank,^ sedimentation 
tank, or •cl-a'rifier. ^The most common name is primary clarifier , 
since it 'hel^s, to clarify or clear up the wastewater. ' 

A' typical plant (Figs. ^. band 5.2) 'may have clarifiers locat&d 
"at two different points. Tlie^one which immediately follows the 
-b^_s crgdj]L.or comminut or or grit Ch amber (some plants doa\t. have 



all of these) is called. the primary clarifier , merely because it 
is the. first clarifier in the plant. The bther, which follows 
the biological treatment unit (if there is one), is called" *inie>^ 
secondary clarifier . The two. types of. clarifiers ope rata almost 
exactly the same way. .The reas^on for having tw.o types is that 
the biological t;reatment unit. conVe^rts more solids to the 
setteable ,£orm^, and they have to be removed from the^reated 
wastewater. ^ . • . 

The main differeh^|fcl>etween tl^e two t^es of cflarifiers is in the " 
sludge -density ha^^^d; "Primary sludges are usually denser than 
secondary sludgesflBffflu^pt from a secondary clarifier is normally 
clearer than pr^ma^^eff luentV 
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Fig. 5.2 Plan diagram , of' a typiJC^f^fcrimary wastewater' treatment .plant- .• •.•V . 
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S.olids whi^ settle to the bottom of a.clarifier are scraped 
to one end (in rectangular clarifiers)' or to the middle 
(circular clarifiers) into a sump,^ From the sump the solids 
a re"* pumped to the sludge handfing or sludge disposals/stem, 
Systems. y-ary, from plant to plant and include sludge digestion,, 
vacuum filtration, incineration, land disposal^ lagoons and. 
buriaj, Figqres 5,3 and 5.4' show detailed sketches^ of'rec- 
taoigular and circulax'^clarifiers, , " / , 

Disposal 'of skimmed'solids varies from plant to plant. They 
may be buried with material cleaned off the bar S'creen, in- 
cine^rated, pumped to tbe digester, or they may be even sold 
for .jtheit* grease and oircontent. Pumping skimmed solids to 
a digester is not considered good practice because skimmi-ngs 
cari cause operational problems in digesters. 

This chapter coatains information on s"tart-up, daily opera|:ion 
and maintenance procedures samf)ling and laboratory" analyses 
some problems to look out for; safety; and basic principles of 
sedimentation and flotation. You may wish to refer to th-e'two 
chapters' containing details of laboratory analyses and mathe- 
matics' for further informa^tioh. 
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SLUDGE COLLECTOR 
DRJVE UK'IT 




Fig, 5.3 Rectangular \sedimentation basin 
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^ EFFLUENT WEIR 



DRIVE UNIJ 




INFLUENT 



BLADES AND SCRAPER 
iSQUEEGEES 



- SUMP. • 
Fig. 5.4' Circular clarifier 
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5.2 SA.MPLING AND LABORATORY ANALYSIS 



5.20 Gei^ral 



Proper analysis of representative samples, is the only con- 
clusive method of measuring the efficiency of ,clarifiders • 
Tests may be cbnducted in, the plant at th& site where the 
sample is tolleeted or in the laboratory. The particular 
tests- depend upon whether the e^fifluent from the clarifier * 
goes to another treatment -procjess or is' di^scharged to - 
receiving waters. ' \ • 



The frequency of testing and the expected ranges will vaiy from 
plant to plant. Strengtli of the , wastewater, freshness, charac- 
teristics of the water supply, weather, and industrial wastes 
will all, serve to affect- the "common** range t)f tJ^e various test- 
results.. 



i 

Tests . . 

1, Dissolved • 

• Oxygen (DC) 

2. JSettleablfe 

■ .S'9lids ' •- 

'V pH ^ '. .K 
4*, /Te^prt-ptt 



4^ 



BCD' 



Frequency 
• Daily' 

Daily . 

. • 'Daily. * 

. Dailyr 

Weekl)f 
(•MinjTmumX 



Lpcation - 
Effluent 



Influent. 
Effluent; 

Influent 
Effluent 

Influent 

Influent 
Effljuerft * 



'6^ Suspended , 
^afelids" 



WeeKly y-'lnf la^fTt.J- 
(Minimum^/* E-f f lu^at ^ ^ 




s- 7. V'thlojifie; f. Y^kily\^ ^ Plant 
, Residup4-^ ' ' ( ' * ^ 'Effluent 

'7 •C^f needed) . ^ \ * 

■^^ 8, ' /Coii^l^^ ^ Wg^ekiy" 

Bacteria^ ' - \ 
. ^yyi {if Tieeded) ^ ' 



Common Range 


o' 


J 

- 2 mg/i ■ 


5 

Q.5 


- 15 ml - ' 

- '4 ml 


• 6.5 


8.0* 
- 8.0* 


5; -50 


-^85°*- 


<150 

' - en- 


- 400 /mg/1 
■-..,160 mg/1 


ISO 

60 


- 400 mg/1 
150 ,mg/l ' 


. 0,5 


'^-3.6 mg/1 



.Effluent 500,000 --100,000,000 
per 100:^||j^ 

w 

9 



' . . •*Depei:v^s on* regiop^ water supply, and dischaYgas -to "the collecti'pii 
• •,..;>-.'' : System ' " ^. ' > ' 
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5 •21' Sampling • 

Samples of the influent to the clarifier and the effluent from 
it will give yoju information on the x:larifier*efifi.ciency for 

.removal* of solids^ 
bacteria^^ and? BOD, /As 
'with all sampling, /the 
purpose is to collet 
Samples which represent 
tHe true nature of the 
wastewater or stream 
'being sampled. The 
amount of solids-, BOD, 
bacteria, and the ^ 
clarit)f and pH will * 
probably vary through- 
out the day, week,^ and * 
year. You must determine 
these variations in erder 
to Understand how well 
your clarifier is doing ' 
ifs job.- 





Calculation, of CIarifj.er Efficiency 

• ' J ■ • • • '* • ' Kj--^' 

' To calculate; the efficiency of any Wastewater treatment pr'';5cess,^ 
/ you**ne*ed to collect a sample of the influeat ^d ^«the',e^^Juentv^ 
of Jhe. process, p'referalkl/ composite sampjefe for a. 24-hour. period, 
Th^ particular water quality 'indicators (BOD, suspended *solids) 
you are interested in are measured and the efficiency, is "calcu-^^ 
lated, Y6ii*fcan calcul-ate th^. 'efficiency of k .clarifier in i 
rem6ying several different items, such as. efficiency in removing 
BOD or efficiency , in removing sdspenfed^ solids,'^ .O^alculat ions of 
* treatment' efficiency ^are for process control .purpcts^e^. Your main 
W concern mus'^ be .the ^^quality of the plaijt effluent, regardless of 



s § 



percent of wastes remS^d, 



8S 
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Example ; * 



■ ■ c 

id ther : 



The infjvent BOD to a prinvary .clarifier is 200 mg/l, and thei 
effluent BOD .is 140 ihg/1. What is the efficiency of the primary 
elari-fier in removing BOD? 



Formula: 



Efficiency, •%' = ^ . ^P . ? ^ ^ ;00^ 

In - 




_ 'J 



•C20Q mg/f - 140 mg/1) 

200 mg/1 . . 
■ ■ I . •> 

=^mi!is/ii.ioo% ■ 

-200 mg/1 

=' '{.ioy io(fe ' • . , . 

= -30% BOD Removal 

: - ■ "V 



5.23 T;/picar Clarifier Jffficiencies 



Following is a list if some typic.al percentages for pri^mary 
clarifier^fficieneies: . • , ^ - ' '\ ' '^v - 



« 

• '**Settleable solids • . 
SJtispencied solids, 
^Total^solids * . ^ . 

Biochemical oxygd^ demand 
'Bacteria * ' ' . ^ 



Expected 
" ' RemoA^al i 
' Efficiency 

, 90% \to 95%^ 

■ -40'% to 60% 

_^0% to-'l5%. 

i5% to 

25% \o ^% " 



K 



pH jwjJ^ generally ngt be affected Significant jly by clarifi-er* 
hrtnTcan expect^ wastewater 'to have a pH 'of -about 6.5 to 8.0, ' . 
depending'^n tHe region, water supply, and, wastes discharged - '* 
in tTo the* col reaction system. ' ' - - ^ . .« 



• ••*^*I.-•:*.•■- 



• Clarif3!e'r-Qffi^:iencies are affected by Bany.ri&^tor^; ipclud^^^ 

X''^'TypVs of solids. ia the wastw^it^y^ -^^^^ 
' ^ is a'^^significant amount of .industri^ 




.'jV' Rate of' wastewater flow ^s^cojnpaf^d Ya.xl^^ 



4. 



Mechanical conditi 
p 



j.^f <i1:arifi^.'-: - 




I 
I 
I 
I 
I 
I 

i 
I 

^ I 
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5, '5 ' sludge?' AND SCUM PUMPING ' ' 

. ■ • .... ■ : ' \ 

The ^particles which settle to the floor o^'f the clarifier are 
• called'- sludge* , The accumulated sluice should be temoved fre-«* 
quenfly, and' this is accomplished by mechanical* cleaning devices 
and pumps in most tanksir«=«=^(7See--Fig>.^ and S,4) Mechanically 
cleaned tanks need not be shut down for cleaning* Septic ' r"'^ 
coimitions ^ may develop rapidly in primary- c larif iers >f s ludge,- 
is not rentlpved at regu.lar inigrvals* • The proper interval is 
dependent on many. Conditions .^rd may vary .from thirty minutes 
to e^ight hours, and as much as 'twenty-four hours in a few 
instances* .Experience wij.1 diotate* the'-proper/ frequency .of 
removal* S ludge .septi city can b^ recognized when sludge gas- 
ification ^ causes* large cljamps of sludge to flo^t pn the water * 
surface^ Septic sludge is generally .very; odorous and acid ' 
(ivas^ a.* low' pli)-*' _ ' ' . — 

Excess. -water, should be eliminated from the sludge if ^possible 
because of its effects., on the' volume of* sludger pumped, and on 
digester-.'operation* A good thick primary sludge ^i 11 contain 
froiii 4*Q lo 8*0 percent dry solids, as indicated by the Tptal 
or Suspended Solids Test in the laboratory* Conditions which 
may affect sludge.- coricentration are the specific gravity, $ize 
^arid shape of the particles, an^ .temperature, and turbulence _ 
in the tank^ * / / — ^ • - 



^Septic conditions* (SEP-tick) * A condition produced by an^erobix 
pr^ani^ms*' If se,yere,t^he\wastev/ater tiims black, \^giving off' 
foul odors and creating' a heavy oxygen demand* / 

"Sludge gasification, A proces.s in which , soluble and suspended 
organic matter are' converted into gas* Sludge, gasification * 
will 'form bubbles of gas -in the sludge and cause large clumps 
of sludge to rise and ♦float on th6 water surface^ 



lfi,thdrav/al (pumping) rates should be slow in\6rder 'to prevent' 
pulling too. much water with the sludge ✓ V.Ti ile the^sludge is 
beiiig pumped, take samples frequently and examine tTiejn visually 
for excess water, , 'If the samples ^h^w a *'thit" sludge, it is ^ 
time to stop pumpinjg. Practice le'krnin^ to recognize the 
^differences betvv'e^^A^thin or, "Teoncerft rated sludges,^ There 'are 
several misthods for 'determining "tliick*!. or *'thin**^sludge wi-^h-^ 
out a laboratory 'analysis': * , • ' . * ■ 

1, - jSound of the sludge pump, 
'File sludge pump will " 

, usually have a different 
sound when the sludge is 
. -^thick than jj/hen it is 
thin, 

2, ' -Pressurfe- gauge readings r* 
Pressure vill be higher 

. on the discharge side, 
^ the pump when sludge is 
thick, 

3, Sludge density gauge 
readings, 

4;, Visual obse]\/ation.- o'f <i 
small quantity (gailon-'N 
' or less) . • ^ 

^5',v VVatch sludge being pumped 
' throu^h^ site- glass \n 
the sludge l^ne*.- 

^ l^tqirs liit^d above, you sl^oul^d compare 
\tKem frequently wi^h iab" teata>* Vhe 'laboratpfy Total S'^ids" Test is 
the only accurate .Tetiiod for A*tern:inin'g.-' exact density, ' Howev^er," 
tills analytical procedure i»/i'clp islow^fdr controlling "a routine 
pumping operation, o^afovs us€^.^ the centrifuge test to obtain 

quick results.' » - 

rloat^ng pat^'ridl (s£um) maj^ leS'Ve^^he clarifier at tae effluent f * 




tvt i 



iVhen you learn to ui>e the* i'ifi 




is skimmed of£ '^'ome mechanical unetriod,i-usualiy a skim^iing arm oi. 
aVpaddle wheel. If mgchariical'^qtVods a^ not provided, use hand 
Locls such as skimjiing dippeir 'attachedto a broom !mndle. ' - 

Frequently check the scum yrou|h'.^^o bi^'sure.it is wJfcing properly. 
•Clcan^the b'ox with a brush^ and^hot water. 3cum way disposed of 
by burning or burial. ; < ' 



CHAPTER- 5. SEDli^NiTA^IQN: AND • F.LggAtlON V' --; 
• ' '■ fLes^^jofi 2\o^<^s'L6.ssg»s)v-?« iV^v V*'" 

.. ''■■T>-"^ "Ave/ 

5,6' PRINCIPLES. OW OR^RATION' ''' ' ' ^ i>^^' ^ '^ 

V " \ : < . V ; • - ( * ' . * 

^,60' General . ' ' tv^:. . A r-.. 

Sedimentation and\£l6tatiM units are designed to remove ph;K^.^<^aU^^ 
those solids "whichN^ufseltle .easily .to- th^ bottom or f Itfat feasfiy 
.to the top, ; Sedimentation is usually^^th^ principal basis ^of des^^J 
in^such units and will be disVus$ed ^in more /detail in* this^ section • 

flotation of fats), ol*ls, hair, ai\d_otheJr^^ also is ^ 

very important ti prote»ct the \es*ttetips, of "^'receiving wate^^^-- 



e .sedimentation and f Ibtation. xin,i.ts .cbmnionly. found Ire 

- \ Prlmar)^. clarifiers .//^ *. 

, \. ^ . 2. Secondary" clWfiers '*''' ^ ■ 

S.^Fl^tatUbn'/driits \ . '' /-.r^s: ; 
4,' ImhoffAtanks-'. ''^ . . ' . 

This section will de^j«^e/each, ufti^^^ it relates to 
another process or. as a process" by/i<s> If; ^ ^ 




5.61 Primai:y Clarifiers • 

The most impcftjtant fun^ion of the primary \cl^rifi^r^i'S"„ta remove, ^ 
asWch settleable and floatable material as possible,, Org^jiic ^ 
settleable solid remova] is very importatnt because it^ causes a 
-high demand for oxygen (BDD) in receiving water or subsequeni/bio-^^ 
logical ^treatnient units in the treatment plant. 

Many factors influence th^.de$ign of clarifiers. Settling charac- 
teristics of , suspencjed particles in water are probably the most 
import'ant considerations. The design engineer must consider the ^ 
sp^ed at which particles will settle in order t0 determine the 
correct dimensions for the tank. Rapid movement of water 
(velocity), will h<?ld,most particle? in ^suspension and carry them 
along until -the velocity of water is slowed sufficiently for 
particle settling. The rate of downward travel i^ettling) of a 
particle is 'dependent on the weight of ^ the particle in relation 



'^■Jto.■•tK€.■weig^t of-^n eqiiS^olume of water (specific gravity), 5 
Vlih^l^a-rticle size and shape", an'd' the tempej^ture of .the liquid. 
'-Organic settleable solids are seldcmi more than 1 to 5 .percent heavier 

■ than kite r; an^, therefoj^T'their settling rates- are slow. 

• H'tlte horizontal velocjlt!/ of water is slowed/to . a rate of -1.0 to 2.0 
feet of travel per'minute (grit chamber velocities were a^tSund:-!. ftysec) 

- most, particles with a speciftlv gravity of 1.05 (5% more than water) wili 

- settle -to the bottom of the container!. Specific gravity of water, . 
-••l.boo a-t 4.0 degrees Celsius (formally Centigrade^, or. 39°F J it .wera^^h^-:.-:- / 

■ ]i8.5A lbs per. gallon. Wastewater solids' with a specific gravity. 6f 'i;t)S/ 

will weigh 8.76 lbs per gallon (LOS times, .8.': 54^ lbs equals 5.-76 itif;.-.pei'- 
•.gallon^. The relationship pf the particle' ?etHing rate to iXql^.i? , 

• velocity may. be .explained veiy simply by use of.:a;.sfcfrt9h (Figy?.5.5)'. 



■5^ 



0 

.2 

4 
6 
8 

10 



LrNGTH= 200 FT 



, 0/:- 

VERTICAL ^i^S 
't SETTLING RATE= ^< 
1 FT/6 MIN OR 
10 FT/60 Ml N 



HORIZONTAL FLOW OF WATER' , 
■ - 200 FT/100 MIN 



DIRE,CTION of ; " 
FLOW (2 Ft/MfN)" 



10 20 .3a 4fl j0| 60 ,.70 80. .90- -100 
■ < TIHE IN MINUTES' 



.Fig. 5.5 Path of settling particle 



Suppose^ tl^|ATiqtii d velocity is hori^^ntal at the rate of 2.0 feet per 
_r-..-..^ x^^^bk^ of\r\ -Poo-i- ^r^nn It wi 1 1* takp IHQ minuses r200 i 



minute infi»e tank is 20o' feet lon^. It will., take 100 minutes (200 ft 
divided bJiPiO fF/min) to travel through the tank. If-the particle,- 
during its diagonal course of traxfel, s^ttl^es vertically toward the/ 



Specific gravity. ^Weight of a particle or sutrstance in o'e^lat^'on 
to the wei^t of waterr Water has a specific gravity of l.OQO at 
4^0 (or iV^F). • Wastewater pairticXg^^may ^hav^e^ .§_spe<^^ic Igravity 
of from Ois to 2.6. ^ If the specific gravity of a' particle is less 
than one it will tend to float-^ and if greater'than one-it/wiU . 
tend to sin'k. Most organic sludges have^ a specific gravity be- 
tween i.Ol and 1.05.4 



4 bottom of the tank af^a rate of 1.0 foot , in 6 minuljes, it will rest on 
the floor? of .the tanl^ in, 60-^ minutes if the, tank is 10 feetMeep, If. . 
'tl^e particle stttTea at'^the rate^of 10 feet-^.in 6*0 minutes, ft should 

*^sej:tle in the first 6&^^ercent pprtion^of the^tank becapse "the liquid 
'surrounding it requires' iOO 'minutes to. flow through th'e tank. ^ ^ 

»/ . . • * * • 

t, » * ' * * ^ . • » 

There are'^any factors which will influence ^settling cKaracteristics 
in a particular plarifier.* A. fejv of. the more copnoi^ ones are* as 
follows.-' * " • 



Te,mp.exature .^ Water expands as ,temperature#increases .(above *4^C) and 
.contra^cts as temperaturg decrease^, (above. 49C). Below 4^Cth^ oppo- 
site is true. In general, as watfe^ temperature increases settling - 
ratS of particles increases; and, as temperature^decreases, so does, 
.^the settling ratel j^ olecules^ of water react temperature changes. 
Tiiey,are closer, together-n/hen liquid temperature is lower; thus, 
density ^ increases and water becomes heavier per, given volume^ because 
there is more of it in the same space'. As water ]becom6s mgre dei^se, ^ 
the dens ity difference -betvteen water and soli^ particles* becomes less;/ 
and therd'fore the particles" settlfe'sloWer, This is illustrated in 
Fig. 5^6v . } , ^ ' . ' , \ ^ . 



water: MOLECULES ARE EXPANDED. 
im ALLDWS-FOR EASrSETTUNG. 



WATER -MOUCULES ARE CLOSE. 
PARTICLE SETTLING -DIFFICULT. 




WARM WATER .. 

100°C (LESS DENSE) 
(7.98a LBS/GAL) 



i 




•COLD WATER,, 

4°G> (H0RE DEflSE) . 
-.(0.3,35 LB'S.?GAL) 



Fig..-5.6 Influence of tempei^atUre on settling 
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Molecules (MOLL-ee-kules) The smaBle^t portion of ^n element 
or compound retaining or exhibiting ^all the propj&rties of the 
subs,tance^ ? . ' A . * 

Densil:y (DEN-sit-teqO • The weight *fei- unit volume' of 'any sub- ^ 
stance.. -The density of water^at 4^0 is 1.0 gram per cubic * 
centimeter (gms^cc) or about. 62.4 lbs i)er*^ubic foot. I-if one 
cubic centimeter of a substance (Such /as iron) weighs 'more than 
.1.0 gram (higher density^ * it will sink^or settle oCit when put 
^in water., If -it weighs less" (lt)wer density, such as o»il), it 
will -ris^ to 'the 'top "and float. -^Sludge density is normally ^ 
expressed in gms/cc* 



Short' Circuits , As wastewater enters tlie "s^tling tank, it 
should be efenly dispersed across. the entire cross section of 
the* tank and should flow at the^ame velocity in all areas 
toward the discharge end, Itfhen the velocity is greatet in 
some sections than in others, seHous ''short circuiting" may^ 
occur. ' The 'high velocity area may decrease the* detention 
time in that kTeei\ and particles may.be held in suspension \ 
and pass through the discharge end of the tank because they 
do not have time' to settle out,^ On the other hand, if velocity ' 
is too low, undesirable septic cgnditions may occur. Sl^ort 
circuiting may easily begin at the inlet end of the sedimen- 
tation tank (Fig 5.7), This is usually prevented by the, use 
of weir plates, b'affles, port openings, and by proper design 
.Of the inlet channel. Short circuiting also may be causecf by 
turbulence and stratification of density layers due to temperature 
ox salinity. 
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HIGH VELOCITY AREA 
POOR SETTLING 



LOW VELOCITY- AREA 
SEPTI.C CONDITIONS AND 



Top View Looking Down 





Side View - Warm Influent 



I-' . 




Side View - Cold Influent , 



" . :F-i|. 5.7 Short circuiting 
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.Detention Tjime . ^ Wastewater; should remain in the clap\fliei 
long enough ^ to allow 'sufficient settling time for solid 
ticjes, I'f the tank is too small for. the quantity of flow 
and the settling rate of the particTes, too many particles * 
will be carried out the affluent of ' the clarifier,* The relation- 
ship of '' detention time' ' to " settling rate" of the particles 
is important. Most engi^neers design for aboutN2,0 to 3,0 hours of 
'detention "time. This is, of course, flexible and dependent on ' 
many circumstances. 




Detention time can be calculated by* use to. two known factors: 



1, Flow'.in gallons per dayXgpd)' 

2, Tank dimension3 t - 



Example : 

The flow is 3,Q mil-lion gallDns per' day '(MGD) , or 3,000,000 gal/day. 
Tank dimensions are 60 fe^^long by 3^ feet wide by 10- feet deep, 
JVhat is the detention time? - 



Detention Tiihe, ^The time required to fill a tank at a given 
flow or the theoretical time required for* a given flow of 
wastewater to pas-s through a tank. 



Formulas^ 



Detention ^ Tank Volume ^ cu ft x 7tS gal/cu ft x 24 hr/day; 
Timei hrs " \ ' ' . Flow, ga^/day 

Tank Volume, cu ft v = ^Length,, ft x* Width, ft x Depth, ft ^ 



Calculations : 



Tank Volume, cu .ft* = Length, ffx Widthf, ft x D^pth, ft 

= 60 ft x'^SO ft X lO.ff ^ ^'^ ^ 

= 18,000 cu.ft 

Detent-ion _ Tank Volume, cu ft x /'.5-.gal/cu ft r 24- hr/day 
Time, hrs Floy, gal/4ay " ' 

!■ « , • * 

* -" ■ » 

' = 18,000 cu ^t X 7.5. gal/cd'-ft x 24 hr/day . , 

' . ■ 3,000,000 gal/day '■ ; ' " 

1 ' ' • • ' ■ J . . V. 

• 3,240,000 gal-hr/dV •^•'^ 24 18,000- 

3,000,000 gal/day . ' . ; * - xy.S "l80 - 

/ •>■ 120 n,440-,0O0 

= 1.08 hours ' ■ 168 ' 1 806^(1 • 



L80.0 3,240-,000 



Evaluation ♦ If detentioa, time is only.lyt)^ houjrs and if labora- 
to'ry tests indicate- poo?\Femoval of soiids; then additional tank 
capacity should be placed ^into operatidn|(if ?iyailable)\ in order 
to obtain additional detention time, Yoa.must^ realize that fltJWs 
fluctuate' considerably during the d&y ahd^tiighl an any calculated 
detention time is ,for a specific flQWt ' ^ . ' 



Discussion ♦ Th;e formula given in this, seCfioii allows" you to ^ ^ 
calculate the theoretical detention* time ♦ 'j ^Actudl de^^e?ition ti^^ 
is less than the detenti^oh time* calculated ^s-inl; the. forjnula and 
can be measured by the use of dyes, tracers ^or floS'fes^ 



k\.. 
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tfeir Overflow Rate . Wastewater leaves fhe^ clarifier by flowing over 
weirs and into effluent = troughs? (launders) ^ ot some type of weir^ 
arrangement. The number of lineal ^^ feet £>i w^ir in Telatiqn to the 
flow is important' to prevent short circuirt;^, ar high j^elocity near 
the weir or launder which might pull settliitg' solid^ " into the 
effluent. The wei^ overflow ^rate Is the number of gallons of waste- . 
water that flow over one lineal foot of weir per day. .Mos*t designers 
recommend about 10,OCO to 20,000 gallons 'per day per lineal foot of 
weir. Highey weir overflow rates have been used for materials with 
a high settling rate or for intermediate treatme^/t.^ Secondary 'clari- 
fiers and higl^ effluent quality requirements gei^^rall^ need lower, 
we^ overflow rates than primary clarifiers. The calculation for 
wear overflow rate ^'require^ two' known factors: ' ^ ^ 

1. Flow in gpd ' *\ ' ^ 

' • , , * ' ♦ 

2. ' Lineal feet of weir 



Example : ^ 

The flow is 5.0 MGD dn a circular tank with a 90-foot weir 
diameter.^ ^ IVhal is the weir overflow rate? . 



10' 
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Launders, (LAlVN-ders) . Sedimentation tank effluent trqugjis. 
When the flow rfeaves a sedimentation unit, it usually flbws 
'into a trough after 'it leaves the ^nk. The top edge of'* 
the trough over which wastewater flows as it -titers the ' 
trough is ".considered a weir. 

* i 

Lineal (LIN-e-al) . The length in one direction o^f a 'line. 
For example, a board 12 feet long has^l2 lineal feet in its 
length. ^ , ' ^ 

Weir* Diameter *(weer) . Circular 
clarifiers have a circular weir 
within the outside edge of the' , 
clarifier. All the wat^r leaving 
the clarifier flows over this 
weir.* To find the length of this 
weir, the weir diamet;er must be - 
known. The diameter is 'the' * 
length of a line from one edge 
of a weir to the opposite edge r 
and passing through the center • 
of the ciorcle formed by the weir. 




DIAMETER 

>C1RCULAR 
WEIR 



DIAMETER 
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Formulas : 



We^ir Overflow,. gp4/f^ = 

r 

Length of ^Circular Weir 



Flow. Rate, ^pd * 
Length of Wei'r, ft 



,3 •,14' 5C'Weir Diameter, ft 



Calculations ; 



Length of Cir- ^ . ' . 

cular Weir, ft = 3.14 x -(Weir Diameter^ ft) 

. t 3.14 X 90 ft 

. = . 283 Lineal Feei of Weir 



3.14 

90' 



282. ao 



Weir Over- - 
flow,, gpd/ft 



\ 



Flpw ] ^ Rate , '^pd 
Length of Weir, ftA 

5,000,000 gal/day . 
- 283 it 

= 17,668 gpd/.ft* " 



' ' 17,668 
283 1-5, •000,01)0 

83' 
- 2 170 
■ ,1-981 • ' 
. . , 189 *0 
16a 8. 



19 20 

16 98 

2 220 

•2 264 
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Surface Settling Rate or Surface Loadings Rate , This term is 
expressed ;in terms of gpd/sq ft of' tank surfacje^area . Some 
designers and operators Ifave indicated- that the surface ] 
loading rate has a 'direct relationship to the settleable solids 

' removal .efficiency in the settling tank. The, suggested 
loading rate varies from 300 to 1200 gpd/sq ft, depending on 
the nature of the sblids and the treatment requirements. Low 
loading rates are frequently used in small plaats in cold 
climates. In w^rm regions, low rates- may] cause excessive 

* "detention which could lead to -septicity. The calculation for 
surface loading rate requires two .known factors: 

\ » ' ^ 

1. Flow in .gpd * . • 



2. Square feet of liquid' surface- area 



Example" : / , • _ 

The flow in a secondary pl^nt is 5.0 J4GD in a t^nk 90 , feet long 
and 35 feet* wide. What is the surface lo^din-g ratej? 



Formula:^ 



Surface" LoadingTate, , gpd/sq ft = ^Areaf s^'fF"^ ^ 



.Calculations 




Surface A.rea, sq ft' '= Length, f t x Widthy ft 

= 90 ft X 35 ft 
, \ ■ = 3150/sq ft 



J 



Sui:face Loading\ '_ Flow Rate, 'gpd 
Rate, gpd/sq Area, sq ft 



5,000,000 -gpd 
3150 sq ft - 



= . 1587 gpd/sq ft 



10 
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, Detention Ti^me , Weir Overflow Rate , and Surface Loading Rate are' 
three mathematical methods of checking the performance pf exist- 
ing facilities against the design values. However, laboratory' 
analysis of samples is the only reliable method of measuring 
clai^ifier efficiency. If laboratory results indicate a poorly 

•operating clarifier, the mathematical methods may help you to^ 
identify the problem. ' ' 



QUESTIONS' 

5,6A IVhat .is "shbrt circuiting*' in a clariheV? 

5 .68 IVhy is "short circuiting" undesirable? 

5.6C How can "short circuiting" be -corrected? 

5.6D 'A circular clarifier has a diameter of 80 feet and 
an average depth cfiF 10 feet, :rhe flow of waste- 
water ia 4,0 MGD. Calculate the following: 

* • * . 

1, Detention Time, in hours 
. -2. Weir Overflow Rate, in gpd/ft ' . • 
*' '3. Surface Loading Rate, in gpd/sq ft , 
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' CHAPTER 5^ SEDUffiNTAa^ION AND FLOTATION 
(Lesson 3 of 3 Lessons) . 



, 5,62 Secondary Clarifiers or Final Settling tanks * 

Secondary clarifiers Hisuaily follow a biological* process in the 
flow pattern of a treatment plant. (See Figs. 5,1' and 5,2,) 
The mosf conunon. biological processes' are the' Activated Sludge 
, PjTOcess ^ 2 and the Trickling Filter , ^ ^ ^"^'7 

In some plants a chemical process may be u3ed instead of a bio- 
* logical process, but the' latter 'is far more cdmmpn for, municipal 
treatment plants, " ^ ■» 

, The final settlin^g tank is som^times^referred to as a ^ "humus tank" 
when used after a' trickling ffi Iter settle out sloujghings ^^ ' 
from the filter media. Filter sloilghings are a* product of bio--* 
logical action in the filter; the material. is generally oa^le, 
high in BQD and will degrade the affluent quality unless^ it is 
removed, ^The specific description 9f trickling filters is covered 
in Chapter 6, ^ ^ ' ' ^ 



^ Activated Sludge Process (AGK-ta-VATE-ed sluj). A biological 
^ wastewater treatmenr^oces's in which a mixture of wastewater 
and activated sludge is aerated* and agitated. The activated 
sludge is subsequently separated from the 'treated wasteVater 
Xmixe^d liquor) by sedimentation, and wasted or' returned to the 
procesa as needed, ^ • ' 

Trickling f i-lter, A treatment process in which tlie wastewater 
, trickles over media that provide t"he * opportunity 'for }:he form- 
ation of slimes which clarify^and oxidize the wastewater^ 

Sloughings (SLUFF-ings) , TricTcling filter slimes that Have 
been washed off the filtef media. They are generally quite . 

high in BOD and will degrade effluent quality unless removed, 

f « ■* 
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Secondary clari'fief detention "^times are about the same as for 
.primary clarifiers, but the surface loading ahd weir overflow 
rates are genierally lower due to the less 'dense characteristics 
of secondary sludges. The following are ranges 'of loading 
rates for sec(SiiHary clarifiets used after biologica]^ filter^: 

Detention Time - liO to 2,0 houxs ^ 

Surface (.oading Rate ^^300 to 1200 gpd/sq ft 

• Weir OverfloW'Rate - 5,000 to 15,000 gpd/lineal ft 

The amount of \olids settling out in a secondalry clarifier ' V 
following ^ trickling' filter -will be very irregular due ta a 
number of varying coijditions in the biological treatment process. 
In general, you can expect, to pump about '30% to 40% ^s much 
sludge from the secondary clarifier as from the primary; thus^ 
total sludge pumping will increase by that amount. These figures 
indicate how the trickling filter ^'creates" settle^ble sol^.ds 
whi^h were not present in the raw wastewater in settleable form. 

The slpdge in the secondary se'ttl(ing tank will usually have a 
>^completely different appearance and ch'aracteristics ^ than .the 
sludge collected in a primary Settling tank. It wi*ll usually* 
be much darker in color, butf should. not be grey* or black* A* 
grey sludge usually indicfate^ insufficient biological s.tabili- 
zation (treathien-t) , Sludge will turn black if it is 
allowed to'' stay in the secondary clarifie^r too long. If this, • 
happens, then the return sludge or waste ^sludge ^pumping r^^te 
should be increased or the time* of pimping lengthened or made 
more frequent. Secondary sludges, generally require continuous 
or frpjquent pumping at a rate suffipien^t to ^maintain ' 
reasonably concentrated sludge and a low sludge "blanket in. the 
clarifier, * * - * ^ - ' 

The particle siz^s may be very irregular with generally good 
(rapid) settling^ characteristics , The sludge may appear to ^ : 
be a fluffy humus type. of material ^nd will usually have little 
or no odor if sludge removal occurs at regular intervals. The' 
sludg'e collected in the final settling -tatiks is sometimes* dis- 
posed of^by transferring to a primary settling tank to be mixed 
with primary sludge, and it is 'sometimes transferred directly 
to the digestion system, depending. on the particular plant design 
and the characteristics of »the sludge, 

FinsLl settling tanks wjiich follow the activated sludge process 
are designed sim^arly to 'those used for the trickling filter, 
except that they are more conservative irt design because the 
sludge tends to be. less dense. Their -purpose is 'identical; 
except that the particle^ to be settled are received from the 
aeration tank rather than the trickling filter. Most -final 
sedimentation tanks u5ed with -the activated sludge -process are 
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^ ■ ■ ■ ■ . ■ 

mechanica,lly pXeaned due to the importance of rapidly 4reXumang 
sludge' to the aeration tank. (This, is explained in Chapter 7, 
Activated Sludge.) TjiQ sludge volume in the secondary tank will 
be greater from the activated sludge process than from -the 
trickling filter process. , * ? . • 

, The. standard^ laboratory tests used to measure solids removal in 
primary sefttling tanks- are used also for secondary settling 
tanks. . " . . 



5.6E Why are secondary clarifiers needed in secondary 



5.6F What usually is done with the sludge that settles 
out in secondary clarifiers? > * ' 



QUESTIONS 
arifiers r 

treatiRent ^plants? , ' . . / 



* r 
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5^7 FLOTATION- PROCESSES 



Wastewater alwaj^s contains, some solids* in suspended form that 
neither settie nor float to the^ surface and therefore remain 
in the liquid, ^s it passes through the clarifier. Dissolved 

Vsalids will/^of- course, travel tjii^ough the cla^ifiers. because 
they ^re unaffeeted-U^Jthese wnits. There are ,two other types 
of solids in wa'stewater known as ''Colloids'' -and "Emulsions" 

. that^are very 'difficult to remove,*' ' . ' " 




A "colloid" is a parotide' held in suspension' due to its veryT ' , 
small \iz'e and .its elect;rical charge. It is usually less that « ^ 
^ 200 millimicrons^ ^ iji sizd, and gerteTally will not settle^ \ 
• readijy. If organic, it exerts a high'ox^gpn demand, so its re- 
mo^ial i-s desirable.. .v ' " , ^ ' 

An "emulsion" is a" liquid mixture of two or more^ liquid sub- 
stances riot .'normally dissolved in one- another, but one^ liquid* 
held in suspension- in th^ other. '-It usually contain^ suspended 
globules of one. or more of the substances.^ The globules 
usually tonslst of grease," oil, fat, or resinous substance^. * 
, This- material also .exerts ' a high'oxygen demand. . • ^ 

On'e inethod for removing emulsions and colloids is by a "flotation 
process", pumping air into the mifcturq^to cause' the suspended 
' jn^.terial .to tloat to thV surface where,^ it csfti be skimmed off. • 



^5^Mil4imicron (MILL-e-MY-crpnj . dne thousandth of * a iBicron 
\0T a millionth of a millimeter. ^ ^ 
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The'partiples can be Ipcculated ^^ with air oi: chemical coagulants ^ ^ 
and forced or carried to. the ^ liquid surface by minute air bubbles. 
, Figure 5.8 shows the chain q{ events in the flotation process. 



• • 
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SHALL PARTICLES 
HJLL NOT SETTLE.. 



SHALL PARTICLES 
IN FLOCCULATED 
FORH. 



FLOCCULATED PAR- 
TICLES ATTACHED 

-TO AIR bubbles: 

BUBBLES CARRY 
PARTICLES TO 
SURFACE. 



ACCUHULATEO 
SCUH OR FOAH 
ON SURFACE. 
HOST AIR BUB- 
EfLES ARE 
RELEASED. 



Fig. 5.8 Flotatitsiv* t)rocess. • 

Most:'. of the air bubbles are released at the liquid surface. Particles 
are removed in the form of scum or foam b/ skimming. . 

it 

There lare two common flotation processes in practice today: 

L. Vacuum Flotation . The wastewater is aerate 'for a short 
time in' a tank where it bdcCmes sa-fu'rated wiVh dissolved 
•air. The air supply is thep 'cut off and large air /bubbles 
i)ass to the surface and into the' atmosphere. , The 'waste- 
water then flows to a vacuum chamber which pulls out dis- 
solved air iii the form of tiny air bubble'^s 'which float 
the sbl^s to the top. 



2. 



Pressure Flotation . ^Air is forced into the wastewater 
in a pressure chamber where the air" becomes dissolved in^ 
the liquid. The pressure is then released from the * *■ 
wastewater ^ 'and the wastewater is returned to atmospheric 
pressure where the dissolved air is released from solytion 
•in the form of tiny air bubbles. These air bubbles rise 
to the surface and, as they rise, they carry solicit to 
the surface. ■ . ' . ' * • . 



Flocculated ,(FLOCK-you-lay-ted) .• An actibn resulting in the 
gathering of fine particles to form larger particles. 

Coagulants '(ko-AGG-you^lents) . Chenticals added to destabilize, 
'■ aggregate^ and bind tdgether colloids and emulsions to improve 
5«^tleability, filterability, or drainaUility. . 
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Any flotation process is based upon release of gas bubbles in' 
the liquid suspension (Fig, 5.8) under. conditions in which the 
bubbles and solids Will associate with .each other to form a 
"combination with a lower*, specific gravity than tKe surrounding 
liquid, Thay must stay togeth er long enough for the-combin- 
ation to rise to the surface and be removed by skimming,^ 



QUESTIONS . . 

5.7A Why is the "flotation process" used in some waste- 
water treatment plants? * 
. \ jr ' 

5"7B' Wouidfyou^place the flotation process before or 

after primary- sedimentation? * * 

5,7C Give a veiy. bripf .description of: • ^ 



f 



•1. Colloid ' y 

' - 2. EmulsJ.on ^ * ! , * 

5.7D Give a brief description of the Vacuum Flotation 

, process, ' * ; • ' 
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• 5.8* fMHOFF TANKS 



Imhoff tanks are rarely obstructed tojday. Your, plant may 
consist of only an Imhoff tank if it serves a very small com- 
munity or if it was constructed' many years ago. It is quite 
possible that you may never have operating responsibility for 
one of these units'. They will be discussed for general know-* 
ledge and for the few operators: who will have operating 
respoij^ibility for then\ ^ 

The Imhoff tank combine3 sedimentation and sludge digestion, 
in t^e same unit* Jh ^re' is, a top compartment where sedimen- ^ 
tation occurs and a bottom compartment for 'digestion of settle,d 
particles (sludge) The €wo compartments are separated by a 
floor and a slot desigif^d to allow'settling particles to pass 
•through to the digestioW compartment (Fig, 5,9). 



Wastewater flows slowly thxou^ the upper tank as in any^ dther 
standard rectangular sedimentation unit. The settling solids 
pass through the slot to the .-bottom sludge digestion tank^, 
Anaerobic d'igestion of solids is the same as' in a separate 
digester. Gas bubbles ape formed the digestion area by 
bacteria. As the gas bubblps rise to the surface they carry 
.•solid particles with them. The \lpt^ is designed to prevent 
oolids from passing back into the upper sedimentation ^rea as 
a* .result of gasification where they would pass out of tYie unit 
with the effluent^ * 



Tlie same calculations previously used fbr clarifiers can ^e used 
to determine loading rates for, the settling area pf the Imhoff 
t^k, (Chapter 8, Sludge Digestion, will explain the anaerobic 
process in the sludge digestion area of tl^is unit,) Some typical 
values for design and operation of Imhoff tanks are: 

^Settling Area 

Wastewater Detention Time - 1,0 to 4,0 hour^ 

, Surface Settling' Rate - 600 to 1209 gpd'/sq ft . • * 

, • Weir Overflow Rate - 10,000 to^,OdO gpd/ft . - • 

Suspended Solids Removal - 45% to 65% * ' 

BOD Removal - 25%* to -35% 

Digestion Area 

Di'gestion Capacity, - 1,0 to 3,0 cu ft /person 

Sludge Storage Time ^ - 3 to 12 nfonths ^ 
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Hare are a few* operational, suggestions : 



1. In general, there is no mechanical Sludge scraping device 

* * for removing settled solids from the'floor of the settling ^ 

' are^. .Solids may accunjul^ate before passing through the slot . 

^ to the digestion area* It may *be necessary to push the accu- 
mulation 'through the slot with a squeegee or similar. device 
attached to a long "pole /'"^ Dragging 'a chain on £he floor anjj 
allowing it to pass through the slot is another method for 
j::em6ving. the sludge accumulation. ' If^ 

2» Scum f^'om the sedimentation area is usually ' collected by hand 
tools in a 'separate container for disposal. It may also be 
transferred^^ to the gas vesting area where it will work down 
into the digestion compartment. Scum in the gas vents should 
'..be kept soft and broken up by soaking it periodically, with ~ 
water or by punching holes in it and mixing it with the liquid^ 
portion of the' digestion compartment. The addition of 10 pounds 
of hydrated lime per lOOQ connected population per day may be 
helpful for cont-lrolling odors from the gas vent area- and also 
^ 'for adjus'ting the chemical balance of the scum for easier 
digestion^ 

3. Some Imbof^-^anTcs have the piping and valving to reverse the 
direction of flow from one end toward the other end. -If* 
possible, the flow should be reversed periodically for the 
•purpose of maintaining ai)- even sludge depth in the digesti6n 

* compartment. The sludge level in^the digestion area must be 
lower than the slot in the floor of the settling area to 

prevent plugging ctf the slot. A line of gas bubbles directly 

' ' 'Over the slot indicates the sludge level in the digestion 
'Chamber is too high. 

4. The explanation of sludge digestion in Chapter 8 will 

^ supply information that can be applied to the digestion 
'area in the Imhoff tank. Neither ludge mixing por heating 
devices |ire used in 'an Imhoff tank.V Sludge, loading rates, 
withdrawal rates, laboratory tests,' and visual appearance 
of sludge's are very similar to what they are in an unheated 
digester. If visual appearance is the only, method you have 
of judging the sludge, it is safe to assume- that if sludge 
V in the digestion area is' relatively odorless^ or has a musty 
V^mell -and is black or ve*ry dark in color, the process is 
working satisfactorily. ^ — 
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The laboratory testing program for an^Ijnhoff tank Should h6 
complete enough to identify operational problems and to Supply 
necessary, information to regulatory *agencj\es. The^foilowing 
minimum progrant is suggested, assigning adequate laboratory 
facilities,, personnel, and size of the system. 

TYPICAL 

SUGGESTED ANALYSIS USUAL RANGE ^ REMOVAL % 



Settling Area 



Settleable Solids 3.0 - 10.0 ml/1 ' ^ 75 -90 

Suspended Solids 200 - 400 mg/1 45-65 

PH ' 6.7-7.3 . 

Alkalinity lOO - 300 mg/1 

BOD 200 - 500 mg/1 25 - 35 



9 ' . " 

6.7 - 7.3 

1000- - 3000 mg/1 
100 - 500 mg/1 

r 

Efficiency of operation can be determined by measuring the settle- 
able solids, suspended solids', or BOD of the influent and effluent. 




^ \ * 

J 


« 

< 
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QUESTiaiS • 




5,8A IVhat are the two components of an Imhoff tank? 




5.8B Describe' the sludge^ from an Imhoff tank which 

is operating properly. \ 




5.8C How could you maintain a fairly level sludge 

blanket in the digester* portion of an Imlioff tank? 




S^Sp How can you force settled material into the x 
diges'tion compartment? 




^ . ■ '.■ 

5.9 SEPTIC TANKS 


■ 


Septic tanks are use^ mostly for treating the wastewater from 
individual homes or from small populations (such as camps) 
. where sewers have not been provided. They operate very much 
^^HJc^-^arf Imhoff tank except there is not a separate digestion 
compartment. Detention time is usually long (12 to 24 hours) 
and most settleable solids will remain in the tank. They 
must be pumped out and disposed of periodically to prevent 
the tank fl:om filling up. Part of the solids in the septic 
tank ar^e liquified and discharged with the wastewater into 
the soil mantle. Conditions are not favorable for rapid * 
gasification^ and most waste stabilization occurfe in the soil. 


fli 


. • , . ' • , ' 

Septic tank effluent is usually disposed of in underground per- 
forated pipes caviled '4each lines'*, and sampling of effluent may 
\ \ be. impossible. The ability of the soil mantle to leach the 

septic tank effluent is the critical factor in subsurface waste 
disposal systems. ^ , . 




< For additional information on septic tanks , refer to the Manual of 

' * . * Septic Tank Practice, U.S. Public Health Service, Washington,* D.C. 

^ ■* , *i > 

* • * 
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CHAfTER 6. TRICKLING FILTERS 
" , (Lesson 1 of 3 Lessons") 



6.-0 "INTRODUCTION 



.6.00 General Description * 

<«n the. initial chapters of this course,- you have learnexl about 
physical methods of wastewater treatment.' In general these ^ • 
tephnxques (processes) consist of the screening of large oarticles 
settling of^heavy material, and floating of light material by pre-' 

-iitin.f;; ^"'"^''^ treatment units, (screen, grit chamber, clarifier 
soUds' iHrnTt''''';?"' "'-^ ''"'"^"^ settleabJe 
or disso ! °^ '^^g^^^^ suspended solids 

, receiving waters " '''''''' '^^'"^"^ °" '^"^ 

In order to remove the very small suspended solids (colloids') and 
dissolved solids, most waste treatment plants now being byilt include 
n L';" additional process iricrefses overaU 

plant removal of suspended solids and BOD to 90% or more. The two 

actL^tT^f^""'^^^:-'^!^""'"' processes are -trickling filters and 
activated sludge. TTiis diapter will deal with .trickling filters ' 2 




Secondary treatment. A wastewater treatment process used to ' 
convert dissolved or suspended materials iniio a form more^ 
readily separated f|om .t|e^wat(^^ng treated. ^ 

Trickling filters a^ sometimes called biofilters, accelo, 
filters, or aercr- fillers, depending on the recirculation paugm. 
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.F^igures 6,1 and 6,2 show where a trickling "filter is usually 
.located in a 'plant ' 

More .trickling filters, have been -built -in this country than 
any other type of secondary treatment device, . Most trickling'^ 
filters are larg6 in diame;t;er/ shallow, .cylindrical* stinctures 
filled with stone' and having an overhead 'distributor, (See 
'Fig. 6-. 5,} Many- variations of this desigh have been built* 
Square or rectangular filters have been constructed with fixed 
sprinklers for wastewater distribution* 

i 



^6,01 Principles of 'Treatment Process ' - ^ 

<i " ' " " ------ -J _ . I » , ^ ^ 

^Trickling filters, ox biological oxidation beds, consist of 
three basic parts: ._ ' 

1. ^ Tlie media (and retaining structure) . 

2. The Underdrarn system / ' 

3. The distribution system ' ^ * ' 

The media provide, a large surface area upon which a biologiqal 
slim^^rowth develops. This slime growth, sometinies called a- 
zoQgleal film ;^/xpnt;ains the living organisms that break down 
.the organise material. me mddia may ^e rock, slag, coal, briclcs. 
, redwood block's^ molded plastic v or any other sound^. * * 
durable material, the media' should be of such '^izes' and stacke'd 
In such a'fashiorf to provide voids for-^^ii? to vei\tilite the filter 
^and keep conditions aerobic'. For rock, the size will usually be,." " 
from about two. inches, to fou» inches.* Although actual size -Is, *^ 

>^not too critical, it is important that the medja be imiform in 
.size to permi-t" adequate ventilation, flie depth ranges^ from about 

'three to eight feet.'* 

^ * * ^ . ■> 

The Underdrain 'system has a sloping bottom, leading t6*a center 
channel, which collects the filtbr efflyent. It "also supports 
• the rtedia and permits air flow, .Common methods"^are 'the use of 
spaced redwood stringers, or any of'^a number* of ^prefabricated 
blocks -of concrete,- vitrified clay, or othei;' material , ^ 

> : . - 



Zg.ogle^l. Filnl (ZOE-glee-al) . . A complex population of organisms 
that form a slj,me growth on the trickling filter media and . ' 
break down the 'organic matter in the wastewater. These slimes 
consist, of lijving organisms, silt, and other 'debri^.. Slime 
growtli is a more common defiTiitioh.- 
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Fig. 6.1 I-'low diagram o£ itre-^tment plant 
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RECIRCULATION LIKF 
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DISTRIBUTOR. ARM 
ROTATION - 




^-^Yv ^ INLET PI?E. 



OUTLET RIPE- 
Fig. 6.3 Trickling filter 



•The distribution systeiji, in the vast majority' of cases, is a 
'rotary- type distributor which ctipsists of two or more horizontal 
pipes supported a few inches ^ibove the filter media by a central 
colunur, ' The wastewater: is fed fiipm the column through the hori- 

^ zontal pipes and is distributed over the media through orifices 
located along one side, of each of these pipes (.o^ arms) • 
Rotation. of the arms Ts due either to the "jet-^ke" or rotating 

^ water .sprinkler r^actic^ from wasteyvater f loafing out the orifices 

* or by some mechanical means. The^i^tribu^drs are 'equipped' with 
-"g-mercury or mech-anical type seal at tUe center column to pre- 
vent leakage and protect the bj&aydngs, 'guy rods for seasonal 
adjustment of, the pipes (armsj to maintain them in a- horizontal , 
position, and quick-opening gates at the end of each arm -t^ . . 
permit e'asy flushing. • ^ ' " ^ 

Today the fixed nozzle d-istribution sys-tem is *not as common as 
th^ Toteixy type,. Each fixed nozzle consists of a circular orifice 
» with an" inverted conershaped deflector mounted above the center 

• which breaks the flow inra a spray. Some types h^ve a steel- ball 
in the inverted cone. ' (^See Fig. 6.5.) ihe fi:ied nozzle system 
reqyires an; elaborate piping system to insure .relatively even 
distribution of the wastewater. Flow is usually intermittent;^d 
i;^ controlled by automatic siphons which regulate the flow f rom ^ 
dosing J;jnks.* (See -Fig. 6.5.) *The nozzles extend six to twelve 
inches^above tlie media and are -shaped so that an' overlapping spray 

/pattern^eScists at the s^tart of dosing when the. head in the dosijig 
tank is the greatest^ - The pattern, is carefully w'orked out to pro- 
vide a' relatively even distribution* of the wastewater. 



^6.02 * Principleis of ^ O|).eratioi^ [ ' - 

The maintenance of a: jgpod'']&rovrth organisms on the filter media 



is cruciajl to. successful op^ation., 



^The 'term "filter" is rather misleading, indicating that solids 
are separated from liquid by a straining act'ion, but thfs'is not 
the case. Passage of wastewater through the filter causes the ' ' 
development of a gelatinous coating of bacteria, protozoa, and ; 
other organisms on the media,. This. growth of organisms absorbs 

^and utilizes much of the suspended colloidal and dissolved organic » 
matter fyom the wastewater as it^ passes *over the growth in a 
rather thin film. Part of this material is utilized as food* for 
production of new' cells, while another portion is oxidized to 
carbon dioxide and water. Partially decomposed organic m'atter 
together with excess and dead film is continuously or periodically 
washed (sloughed) off and passes from the filter with the effluent. 
* 

For the oxidation (decomposition) processes to be carried out, 
thor biological film requires a' con.tinuous supply of dissolved 
oxygen, which. may be absorbed from the air circulating through 
the filter voids (spaces between the rocks or other media). 
Adequate ventilation of the filter must be p;rovided; " therefore 
the voids in the filter media must be kept open. Clogged voids 
Can Create operational problems, including ponding and reduction 
in* overall filter efficiency. ^ • 

* 

A method .of inc'reasing the efficiency of trickling filters, is to 
add recirculation. Recirculation is a process in which filter 
effluent is recycled and brought into, contact with the biological 
film more th^an once. Recycling of filter jsf fluent increases the 
contact time with the biological film and helps to'seed'the lower 
portions of the filter with active organisms. 'Due to the increased 
. flow rate per unit'of area, higher velocities occur which tend' to 
cause more continuous' -and uniform sloughing of excess growths, 
thus preventing ponding and restriction of ventilation.' This 
increased hydraulic loading also decreased the opportunity for 
snail and filter fly breeding. It has been observed that the 
thickness of the biological growth is directly related to the 
organic strength of the Wssstewater (the higher BOD, the thicker 
the layers of organisms). ^ By the use. ot'recirculation^ the strength 
of wastewater applied to the filter^caii be' diluted, thus preventing 
excessive build-up. 

♦ ' . < 

Recirculation may be constant or intermittent and ^t a. steady or 
fluctuating rate. Recycling may be practiced. only during periods ' 
^of low flow to keep rotary distributors in motion, tcprevent 
drying of the filter 'growths, or to prevent freezing. Recirculation 
in proportion to^ flow may be utilized to reduce the strength of the 
Wastpwiter. a{»lied to, the filter while steady recirculation of a 
constant amotmt keeps the distributors in operation and also tends 
to even out the highs and lows of organic loading, but involves 
higher pumping costs. 
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It is generally agreed^that any organic waste which can be 
successfully treated by other aerobic biological processes 
* can be treated on trickling 'filters^ This includes, 'in 
) addition to domestic wastewater, such Wastewaters as might 
^'Come from food processing, textile and fermentation industries,, 
and certain pharmaceutical processes,* Industrial wastewater's 
which cannot be treated are th^ose which contain excessive con- 
centrations of toxic materials', suclv^ pesticide residues, 
-heavy metals, and highly acidic or alkaline wastes. 

For maximum efficiency, the ^s lime growths on the filter me3ia 
/ sKould be kept fairly aerobic* . ITiis can be accomplished by 
proper design of the was'tewater collection system and'prdpe^r 
operation of primary clarifiers, or Jpy pretreatment of. the 
wastewater by aeration or* addition of recycled filter effluent* 
The air supply to the slimes may be improve<l'by increased air 
or wastewater recirculation* The thin slime growth may -be 
aerobic on the surface, but ^anaerobic next to the media* A 
trickling filter media of .rock or slag c-m accumulate slimes 
only on the outside -^rfaee, but manufactured media provides 
considerably more surface area per-unit of^dead space. 




The temperature of "the- 
wastewater and of the .. ^ 
climate alsQ affects 
filter- operation, with # 
temperature of the waste- 
water being the more 
^important* Of course, 
temperature of tfte 
wastewater will vary 
with the weather* 
Within 'limits , activity- 
of the organisms increases 
a^ the temperature rises* 
Therefore, higher loadings * 
and greater efficiency 
are possible in warmer 
climates if' aerobic conditions 
can be reasonably maintained 
in tHt5 filter* 
\ 
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Once grov^th on the media has been established and the plant is in 

"normal operation*', very little routine operational control is 

required. Careful daily obseryation is important. Items to be 
(Checked, daily are: 

1. . Any indication of, ponding 

2. Filter flies 
3/ Odors 

,4,^ Plugged orifices 

5. Roughness or vibration of the distributor a?ms 

&• Leakage past the mercury seal * 

Occasionally the underdrains should be checked for accumulation of 

debris in order to prevent stoppages. 
* * } 

9 

Refer to the appi^opriate 'paragr.aphs in the following section on 
operational problems for procedures' to correct thes^ conditions. 

Operation of ^clarifiers is interconnected with trickling filter 
operation. If the recirculation pattern pewits , it is ^ good idea 
to return filter effluent to the primary clarifier. This is a very 
effective odor control measure. In some' plants, increasing the* 
recirculation rate will increase' the* hydraulic loading on the 
clarifier. Be sure the hydraulic loading remains within the 
engineering design ''limi ts . If the hydraulic roading/is too 1 ow 
septic conaitiorfs may develop in the clarifier, while excessively 
high loadings may wash solids' out of the clarifier. 

Recirculation during low inflow periods of the day and night may 
help to keep^the slime growths wet, minihiize fly development and 
wash off excessive slime growths. It may be necessary to reduce 
,or stop recirculation during high flow periods* to avoid clarifier 
problems from hydraulic overloading. Recirculation of final 
clarifier effluent dilutes influent wastewater and recirculated 
sludge improves slime development on the media, i-^ 

t ' • 
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You should, by evaluating your own opeVating records, adjust the 
process "^TTTs^tain the best possible re^lts^ for the least cost. 
Use the lowest recirculation rates* that\wi 11 yield good results 
(but nqt causet ponding or other problems^ to conserve power. 
Power costs are a large item in a plant BU4get, Also, reduced 
hydraulic loadings mean better settling in a\e. clarifiers, re- 
sulting in le?s chlorine usage in plants whicnSdisinfect the 
final effluent, since organic matter .exerts a high chlorine demand. 
If filter effluent/ rather than secondary clarifier effluent, is 
recirculated, the hydraulic loading on the secondary clarifier is 
not affected, . n 
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6.2 SAMPLING AND ANALYSIS , ^ ' / 

6.20 General ^ ^ ( 

The trickriing filter is a biological treatment unit and therefore 
loadings and efficiencies of the' unit are normal/ determined on 
the basis of influent characteristics (inflow .and biochemical oxygen 
demand (BOD) test) and required^quality of effluent or receiving 
waters (dissolved oxygen and soiids) . 



T The frequency 
•mNRlant 



ot each test and expected ranges will ^ary fromNglant to plant. 
Strength of the wastewater, freshness, characteristics of- the 
water supply, weather, and industrial wastes will all serve to 
-arffect the *'coiranon" range of the various test results. 



6.21 Typical Trickling Filter Plant Lab Results 



Test < 

1. Dissolved 
Oxygen 

2. Settlea6e 
Solids 

3. pH 



4. Temperature 

5. BOD 



6. Suspended 
Solids 



7. Chlorine 
J Residual 

8. Coliform 
Bacteria 

9. Clarity 



Frequency 
Daily 

Dai ly 

Daily 

Daily 

Weekly 
(Minimum) 



Weekly 
(Minimum) 



Daily, 



• Weekl)^ 
(■Minimuih) 

Daily 



Location 



Prim.. Effl. 



Influent 



Influent 
Final Effl, 

Influent 

Influent 
Prim. Effl. 
Final Effl. 

Influent' 
Prim. Effl., 
Final Effl. 



Common Range 
1.0 - 2.0 mg/1 



5'- 15 ml/1 



6.8*-* 8.0 
7.0 - 8.5 



150 ^400 mg/1 
69- - 1^ mg/1 
15 - 40 mg/1 

150 - 400 mg/1 
60 - 150 mg/1 
15 - 40 mg/1 



Final Effl. 0.5 - 2.0 mg/1 



Filial Effl., 
Chlorinated 

Final Effl. 



50 - 700/100 ml 



1 - 3 ft 
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NOTES ; Results of tests listed on -the previous pa-ge as ''Primary 
Effluent*' may vary at different plants due to the many 
* variations, in recirculation patterns and activities of 
the ^^aste dischargers into the collection system. 



I 



Settld'able solids tests of the efiluent may be required 
\by some regulatory agencies. youv plant is operating 
Npfficient ly, the settleable solids will be so I9W as to 
)e unreadable. In this case, record as '*Trace^\ 

Dissolved Dxygen and Settleable Solids or Clarity Tests 
' on trickling filter effluent ar,e som'stimes usefyl in evalu- 
.ating problems when they occur. ITie operator should know 
what range^ is "common'^ for his plant. 



,,An easy test that should bo made periodically by the operator is to check 
the distribution of wastewater over the filter. Pans of the same 
size are placed level with the rock surface at several points' |plong 
the radius of a circular filter. The distributor arm shoul'd then 
be nm long enough to almoist -fill the p-m::. The aim is then stcppewv 
and the. aiDOunt or depths cf water in^ach-^pan is ir.easured. The amount 
in e9i5n^an sliould not differ froif the average by more than 5%. If 
the distribution i5 not uniform, the orifices ifiust be adjusted. 
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' CHAPTER 6, TRICKLING FILTERS 
(Le&son 3 of 3 Lessons) ^ 



6.6 CLASSIFICATION OF FILTERS 



6.60, General — * ^ \ 

Depending upon the hydraulic and organic loadings ap'flied, filters 
are classified as Standard-rate, high^rate, or roughing filters 4 
Further designations, such as, single-^tage, two-stag^, series ox 
parallel, and others are used to indicate the flow. pattern of ^the 
plant. The hydraulic loading applied, to^a filter is th.^. total volume 
of liquid^ in c ludin g re c i rcu 1 at i on , expressed as gallons per day 
per square foot of filter surface area (gpd/$q ft). The oi'ganic 
\ . . ^ loading is expressed 

as thei'^pounds of BOD ' 
^ appli^ per Wy per* 

4000 x:ubic fe^t of 
. fUter media 

(lbs BOp/day/1000, cu ft) 
Where recirculation's 
used, aft, ajid'itional ^ 
organic loading will 
be placed cm the 
filter; hoitever, this 
added loading is omitted 
in mcfe^t calculations 
• because it was included 
in -the influent load. 




6.61 Standard-Ra,te Filters * * 

— 1 ^ . , 

•The standard-rate fi^lter is operated with hydraulic loading range 
of 25 to 100 gals/day/sq ft, and an organic BOD loading of 5 to 25 
lbs/day/1000 cu ft. * The filter, media is usually 6 to 8 feet in depth, 
with application to the filter by a rotating distfibutor., altboqgh 
many are equipped to provide some recirculation during Tow flow periods. 

The filter growth is often heavy and in addjL-tion to the bacteria and 
protozoa^^ many 'types of worms, snails, *and inseA larvae can be found. 



PiStozoa .(pro-toe-ZOE-ah) . A'group o'f microscopic aniifials,^' 
pr3?tipally of one cell^ that sometimes cluster intb colonies. 



The growth usually slougfis off at intervals, noticeably in 
spring and fall. 'The effluent from a stafid^r^-rate filter 
treating municipal wastewater is^suaily quite stable with . 
BODs as low as 20 to'?5 mg/f. ' . ' 

6.62 High-Rate Hi Iters ' ' ^ " ' 

— - . • / , ; 

High-rate j filters werejjhe result ^of trying to reduce costs 
' associate^d with stand€rd-rali filters or attemptiifg^ to treat 
increased wasteloads with the same facility* Studies indi- 
cated that essentially the same BOD reductions could be obtained 
at the higher design loadings.. ^ • 

High-rate filters are normally 3 to 5 fee^deep with' recommended 
loadings being 100 to 1000 gal /day/sq ft and §5 to 300 lbs BOD/ 
day/1000 cu ft. These filters are designed to receive waste- . 
water continually, and practically all high-rate .installations 
utilize recirculation. . " ' - 

Due to the heaVy flow of wastewater *over the media, Tnore uniform 
sloughing of the filter growths occurs. Ihis slo.ughed material, 
is'somewhat lighter than from a* standard-rate unit .and therefore 
more difficult to settle. . Effluent, with BODs as low as 20 to 50 
mg/1 is sometim.es produced by p^lants treating municipal waste- 
water. ' -* * * \ , ^ 

6.63 Roughing. Filter » ' , , ' 



ling filter is actually a high-rate filter receiving a very 
:ganic loading.' Any ff 1 ter J:ec^*iving anorganic. IbadiVlg of 



A roughinj 

high organ] ^ „ 

over 300 lbs of BOD/day/lboo^u ftjof media is* Considered to be 
in this class; This type of*filteV i-s.used primarily to. reduce 
the organic load on subsequent oxj^ation procqsse^*" such as a 
second-stage filter or activated sludge^ prb6essi"^l Many^ times 
they ai;e used* in plants which receive- strong organic industrial - 
wastes. . They are also used i?here an i^itermediate (50-70% BOD 
removal) degree of treatment is satisfactory. ' 

Operation of the filter is basically the saja^'as gpr ^the high-rate 
filters with recirculation. Overall BOD "reductions are much lower 
but reductions per-unit volurte of filtfer media are greater; 
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• 6»64 Filte\* Staging 

Fig, 6.7 shows various filter and elarifi'er layouts. The decision 
as^;to the nun.bpr of filters (or stages) required is one of design 
rather than operation. In general, however, at smaller plants 




where the flow is fairly low, the strength of 'the raw wastewater, 
is- average, and effluent , quality require'ments are not too strict, 
a single-stage plant (one filter) is often sufficient and most 
economical. In. slightly overloaded, plants the addition of some 
recirculation capability can sometimes improve the effluen't quality 
enough to meet receiving wat^r standards without the' necessity of 
adding more stages. V . 

In two-stage filter plants, two filters are operated in a series. 
Sometime^ a secondary clarificr is installed between the two 
filters. Recirculation .is almQS%-\universfilly practiced at twc^^ 
'stage plants with many different arrangements being possible, 
ehoice of recirculation scheme used is based on .consioeration of 
whicl) arrangement produces the -best ^effluent under the particular 
conditions of Wstewater strength and other characteristics. 
(See Tig. 6.7.^ ^ ^ * 

QUESTIONS ^ 

&.6A 'W\at are tha three general classifications of tricK- 
. ling filtefs? , 

.6.6B ivTiat are the' principal differences between standard- 
rate and high-rate filfters? 



1 



RECIRCULATION LINE 




EFFLUENT 
> 



PRIMARY CLARIFIER TRICKUNTFILtER . ' SECONDARY IcLARIFIER 




Typical Single-Stage Recirculation. Patterns 




] 



Typical TwonS,tage Recirculation Patterns 
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. I^ig. 6.7 Trickling filter recirculation patterns 
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6.7 LOADING PA11A>€TERS 

6 . 70 T^ical Loading Rates • , / 
STANDARD- RATE FILTER: 

r ; Media • ^ - 6 to 8 fit depth, growth sloughs 

periodically. ^ - ' 

. Hydraulic Loading - 25 to 100 gal/day/sq ft^ 

Organic (BOD) Loading - 5 to 25 lbs BOD/1000 cu ft 

HIGH-RATE FILTER: ' . - . - 

rtedia • ^ - 5 to 5 flfdeptl}., growth sloaghs 

^ continually 

Hydraulic»^Loading . - -ICO to 1000 gal/day/s^ £t- \ ' ^ 

, Organic (Bcb;^ Loading - 25 to 300 dbs BCD/lOoO cu t " , ' 

6.71 Computing Hydraulic Loading 

In computing hydraulic loadings, several bits df information must | 
be gathereci. To figure the hydrauli^ loading, we must know: 

\\ The gallons per day applied to the' filter) and , \ ' 

2. Jhe surface area of the filter. 

NOTE : Hydraulic loadings are expressed as: 

gal/sq ft/day, 51 or ' ^ - ^ "'^^^"^TI 

gal/day/sq ft =-'gpd/sq ft.^^ - , ' 



Both expressions mean^he same. The hydraulic rate indi- 
cates the* number of gallons of wastewater pej, day applied' 
to each square foot of. surface area or the gallons* of water, 
applied to ^ach square foot each day. ^ 



^1 Leadings as well as test results should always be presented 
using the same units. Tlieoretic^ly a rate should have the 
time unit last (gal/sq ft/day); however, because flows are 
calculated s^l/day, it is easier to understand if loadings 
are'^reported as- gaX7day/sq ft. The jyater Pollution Control 
Federation's MOP No. 6, Units of Expression for Waatea and 
Wacie Treatment p; uses both terms. 
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Suppose we have ^ high-rate If i tter that is fed b^a pump ^ated-Ut 

2100; gpm, ind the filter diameter is 100 feet. . ' , * . 

^ Hydraulic Loading,. ^ F l^w .Rate-, ^pd \ 
.gpd/sq ft Surface Area, sq ft' - 



For^ our protrlem, we must o{)tain the flow ^ate in gpd and surface 

area^^.j^y^ square feet .or ft^. 

^. {vc\ . FlGw'^Rate, ^ 2100'-^^ x - 34 hrs 

8P^ a » rpin hr ' d<^>* 

- 3,024,000 gal/day 

Surface Area, -%u, ^ ^ r\\-) - • ~ 

^Xy ■ ^= 0.T85 X (Diameter, ft) 2 

= * 0.785 X 100 ft X 100 ft 

— , =' 7850 sq ft - ' • " - 

(c) Hydraulic ^ - 

Loading, ^ = Flow Rat€^gpd — 
gpd/sq ft/ Surface .A^rea, sq- ft^ 

. = 3>034,000 gp d - ^38 5 

' • 7850 sq^ti^. ^ ^7850 024, 000. • 

' ' "2 355 0 * 

/ • = 385 gpd/sq ft'^ 

" ■ - ^ ' ■ , - ~ ' J. 41 000 

• • ' • 1 750 • 



^^Areaofa '~ — 

■ Circfe, sq ft '"^ ^.'7 ^^ ^ Diameter, ft - x Diariieter, ft , oY- 

= ^^.785 4)^ 



i 
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It is important to note in computing hydxaulic loadings that when 
filter effluent is recirculated to the filter influent, recirculated 
flow ^^ust be added to the primary clarifier e'ff luent f-low in order 
to calculate the total hydraulic loading. WheA filter effluent is 
'recfirculated^>e:;-the-primary clarifier influent, recirculated flow 
must- be added to the clarifier influent flow. 



6, 72 Computing Organic (BOD) Loading 

using the same filter as in the above example of hydraulic loading, 
assume that the laboratory test results show that the wastewater 
beina^applied to the filter has a BOD of 100 mg/1. We need to know 
'the pounds of BOD applied per day and, the volume of the media in 



CU ft. 



NOTE: Organic (BOD) loadings are expressed as: • 

lbs BOD/ 1000 CU ft /day, pr ' 

f 

lbs BOD/day/1000 cu ft. 

Both expressions mean the same,.. The organic loading indi-- 
cat;es the pounds of BOD applied per day to the volume of 
filter media for treatment. 



Organic (BOD) Loading, _ BOD Applied, lbs/day 

lbs B0n/day/1000^.cu ft " Volume of Media in 1000 cu ft 



To solve this probiem we must first calculate the BOD applied in 
lbs/day and volume of media in cu ft.^ 



\ Glume of 'Med'ia, 
cu ft • 



= (Surface Area, sq ft) (Depth, ft]^ 
= (7850 sq ft) (3 ft) / 
= 23,550 cu ft 



Volume of Media, 
in 1000 cu ft 



23.5 (1000 cu ft units) 
23.5 thousand cubic feet 



1'^ 



^ I. 



r 
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Ibs/dT^^^' " ""^^^^ (Flow. MGD) t8.34 lb/-pl) 

M mg . ^ day gal 

= 2522 lbs BOD/day 3.024 

8.34 

12096 
.?072 
24192 



) 25:22016 



Orgajiic BCD Loading, _ BOD Applied, lbs BCD/da^ 
lbs BOD/day/1000 cu- ft Volume of Media (in 1000 cu ft) 

107 ■ 

2522 lbs BOD/day /-- • •- 

23,5 XmO cu ft) ^^'^ 235 

= 107 t«s b\)D/ clay/ 1000 cu it * 172 0 

^ . 4 ' IM 5 

In computing BOD loadings, it is standard practice to ignore the ^BOD 
of the recirculated effluent, where recirculation is used. To ^attempt 
to perform this calculation (using the recirculated load) is coiiipli- ' 
cated and make$ it difficult to compare your loadings and resulting 
effluent quality with other plants. 



The uaits of this formula. can be proved by remembering that 
one. liter equals t>ne million milligrams, 

nrg ^ mg _ mg 

' L l,000,000^.mg " Mmg- ~, , 

Therefore, 

Uli.BOD X .MGD X 8.34 i^- "= x ^^J^i x i^. = lb BOD/day. 

L 1 . gal M mg day gal ^ 
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CHAPTER 7. ACTIVATED S LUDGE 
' ' ■ ■ ^ Ill 



(Lesson- 1 of 8 Lessons) • 
7.0 INTRODUCTION' . « ' 

7.00 General . ' * , ^ 

When wastewater enters an activated sludge plant, the pretreatment 
processes (Chapter 4) remove the coarse or heavy solids (grit) and" 
other debris, such as roots, rags, and boards. Primary clarifiers 
(Chapter 5) remove mudh of the floatable and iettleable .material. 
Normally^ sett led wastewater is'trea^ted by the activated jsludge 
process, but in some plants the raw wastewater flows frbm-the pre- 
treatment processes directly to the jactivated sludge process. 

/ 

7.01 Definitions 

ACTIVATED SLUDGE (Fig, 7,1)/ Activated sludge consists of sludge 
particles produced in raw or settled wastewater. (primary effluent) 
by the growth pf organisms in aeration tanks in the prdseijce of 
dissolved oxygen. The term /'activated" comes from the fact that 
the particles jare' teaming with bacteria, fungi, and protozoa/ ^ 

ACTIVATED SLUDGE ^PROCESS (Fi^, 7.1). The term activated-sludge . 
process refers to a method or proces.s of wastewater, treatment. 
In-thrs treatment process there is maintained a biological culture 
consisting of a large , number of organisms. All of them require 
food (wastewater or substrate), and oocygen to 'make the process^ work. 
The bacterial population is maintained at, some mass (solids concen- 
tration) to balance the food^available from the wastewater for the 
microorganisms^ ^(food/microorganism ratio) vith the oxygen input 
capability of the plant equipment. 



« 

^ Solids Concentration. The solids- in the aeration t^nk 
carry bacteria that feed on wastewater^ ' 

2 Microorganisms. Very small organisms that c^ be seen 
only. through a microscope.^ Some microorganisms. use 
the wastes in wastewater for food and thus remove or 
•alter much of the undesirable matter.. 
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7,02 Process Description * * 

Secondary treatment in the form of the activated sludge process 
(Figs# 7.2 and 7, 3) 'is aiuied at oxidation and removal of soluble 
or finely divided suspended materials that were not removed by 
previous treatment^ This is accomplished in an aeration tank 

, . by aerobic org^anisms within a few hours when the water is being 
treated while it flows through the, tank. Soluble or finely 

• divided suspSn'ded solids are^intended to be stabilized^ in the 
aeration tank by partial oxidation to form carbon dioxide, water, 
sulfates, and nitrates/ Remaining solids are intended to be con- 
ver^i^,d to a form where they can be settled and^removed as sludge 
during clarification. 




After the aeration period the wastevyater is routed to a secondary 
settling tank for a liquid-organism (water-solids) separation. 
Settled organisms are qUickly returned back to- the aeration tank, 
llie resjiltant qlarifier effluent is fi^ually chlorinated and dis- 
charged from the plant. *^ 



Conversion of dissolved and suspended material to settleable solids 
is the main objective of high-fate activated slijdge processes, 
while low-rate processes stress oxidation. The oxidation may be 
by chemical or biological processes. Pn the activated sludge process, 
the biochemical oxidation carried out by living* organisms is stressed. 
Tlie same organisms, also are effective -in conversion of substances to- 
settleable solids if the plant is operated properly. ^ 



^ Stabilized Waste. A waste that has been treated or de^composed 
to the extent. that, if discharged or released, its rate and 
state of" decomposition would be such that the waste would not '* 
cause a nuisance or odors. 
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Fig. 7.. 2 Flow, diagram of a typical- plant 
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7.1 REQUIREMENTS FOR COI^TROL 

V Control of the, activated sludge procefes 
of and action upon several interrelatjed 
treattnetiit of the influent wastewater. 



1. ^^flu^tr^quali 



2. 



3. 



4. 



5. 



quality requirements; 

Wastewater flow, cf)ncentrati(^, 
of the wastewater received. 

Amount of activated sludge ("con 
organisms) to be maintained^in 
to inflow. 



is based' on evajuation 
factors tb favor effective 
These factors include: 



and characteristics 



aining the working 
he process relative 



7. 



Amount of oxygen required te s'tiibilize wastev^^ater 
ox/gen demands and to maintain a satisfactory level ' 
of dissolved oxygen to meet organism requirements ^ 

Equal division of plant flpw and waste load between 
duplicat;e trjeatment units (two or mord clarifiers or 
aeration tanks). i - *. 

Transfer of'the pollutional material (food) f^'om the 
wastewater to the floe mass (solids or workers) and 
separation of tlie solids from the ti^eated wastewater. 

Effective control and disposal of inpl'ant re^iduds, 
(solids, scums, and supematants) to* accomplish 
ultimate disposal in a nonpqllutional /manner. • 



8. Provisions for maintaining a suitable environment far 

the work force of living organisms, treating the. wastes, 
' Keep them healthy and'happy^ ' ' * 

Effluent quality* requirements may he stated by your regularoty* ^ 
agency" in terms of percpntage removal of wastes. 'Current fegu- 
lations frequently specify allowable quantities of wastes that 
may be discharged..- -These "quantities ^ based upon flow and^ ^ 
concentratjjons.%^^^ itjems ^such^^as^^olids , oxygen demand, 

--bacteria, nitrogen, and oil as specified by your regulatory 

The efflnent quality requirements 'largely determine thownode of 
y activated sludge operation and the disgree of confrol required. 
For example, if an effluent containing 50 mg/1 of suspended solids 
and BOD (refers to five-day BOD) is satisfactory, a high-rate • 
actiValed sludge process is likely to be ^^pplipable. If the limit 
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is 10 mg/l, the high-rate process would not be suitable. 
If a hjgh degree of treatment: is required, very close process 
control and additional treatn^nt -after the activated sludge process 
may be needed* * tL 

Flow concentrations and characteristics of the influent are subject 
to Limited control by 4the operator. Municipal ordinances may 
.prohibit discharge to the collection system of materials signifi-> 
cantly damaging to*^treatment strucUires, or safety. Contr&l over • 
wastes dumped into the collection system requires inspection to 
insure compliance. It may be^necfessary to require alternate means 
of disposal, pretteatment , or controlled, discharge of §lj.gnif icantly 
damaging items to permi t^ diltition to an acceptable level by ithe / 
time, the waste arrives at the^ treatment plant.. 

Jhe tnat'erial entering the aeration ,tanks is mix^d with the acti- 
vated sludge to form' a mi^xture'of s^ludge, capyier wat4r, and 
iTTfltient'~so- liUs^^ T he'se solids come^from r/efofs or stre^^ ia 
combined sewer sy^Tems and also from the discharges frJRiQmes, 
factories, and, businesses. Includerd in the- r^urn sludge solids 
are many different types of,,helpful living ^rgan4^ms ^that were • 
grown dHting' previous contact ^with wastewater. TSii^se organisms < 
«are the worker^ in the treatment prpcess. ^They q^e the incoming 
wastes for food and ^as j source of energy 'for their lif^ .prfcfcesses 
and for the Tepr6ducti^n of more- .organisms . These organisms will , 
use more food contained in the was tewaSfeef^in treating- the wastes. 
The actiyal^ed sludge aiso*£9rros a l-ecy ma^s that entraps* many 
"materials .not used ^s food. ' * . ^ * 




.3 



'^Some organisms (workers-) 
will irequire a ^onlg time* 
to use the available food*' 
dn the wastewater at a* 
_^^iven waste cpiicentration. 
;*Many organisms will compete 
^•;^*with eacK"'other in thenise* 
l^oi, , available f,ood '(waste) 
to shorten the ^ time factor 
and* increase/the portion of 
'waste stabi'iize^. The 'ratio 
of food to organisms ia^% 
P'fimary control in the 
•activated .sludge prqpess. 
Oi:gani^ms tend to increase 
with waste (food) load and 
time spent in the aferation 
tank\ Under favoi^abl'fe con- 
ditions the operator widf 
* re move (sludge Wasting) • the 
excess organisms tolrraint^in 



ER^ 
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the required niomber of workers for effective waste treatment. 
Therefore, removal of organisms from the treatmenjt^.pro(?ess 
(sludge wasting) is a very^ important control technique. 

Oxygen, usually supplied from air, is necessary to sustain' the 
living organisms and for oxidation of wastes to obtain energy 
for growth. Insufficient oxygen will inact.ivate aerobic organ- 
isms, make facultative^ .organisms work less efficiently, and 
favor production of foul -smelling intermediate products of 
decomposition and incomplete reactions, ' . 

Ai^ increase in organisms in an aeration tank will require greater 
amounts of oXj^gen, More food in the influent encourages more \ 
organism activity and more oxidation; consequently, more oxygen ' 

s required in the aeration tank. An excess of oxygen is required 
fox comp'lete waste stabilization. Therefore, the dissolve^ oxygen 
(DO) content in the aeration tank is^ an essential control test. 
Some minimum level of oxygen mjist be maintained » to favor the desired 
type or organism a^ctivity tjO achieve the necessary treatment effi- 
ciency, * ' , ' 

Flows must be distributed evenly among two or more similar treat- ' 
ment units. ,^ If your plant; is equipped with^a splitter box or a ^ 
series of boxes, il: will be necessary to periodically check and 
estimate whether tfre flow da being split as intended-. ' ^ ^ 

Activated sludge solids' concentrations in the aerator and the " 
secondary clarifier shouljd,be determitieci by the operator 'for 
process control purppes.- Solids are in a deteriorating condition 
as long as they remain in the secondary Qlecr^^ier. D^pth of sludge 
blanket in th6 s^cbndary clarifier and cbn9^trations of solids in 
the aerator are very important for successful. wastewater treatment. 
Centrifuge* tests will give a quicks, estimate of sol-ids concentrations 
and locations, in the units. Precise solids, tests shx)uld be made 
periodically for comparison with centrifuge solids tests. Befoye 
any changes are made in the mode of operation, precise solids 
me^asurements should be obtained. Settleability testes' show the 
degree aijd volume of solids settling that may be obtained in a - 
secondary clarifier; however, visual plant checks show what is 
actually happening. 



^ Facultative (FACK-ul-tay-tiye) . • Vacuy^^ive bacteria can use either 
^ molecular (dissolved) o^tygen or oxygen obtained from food materials. 
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» Primary clarifiers remove easily settleable or floatable material. 
Activated sludge tends to convert solubi^ solids to susy'ended 
cell'mass material and* to gather and agglomerate^ particles too fine 
to settle rapidly into readily separated material-. If the solubje ' 
solids transfer fails,, then the"pri)cess fails to provide a satis- 
factory effluent,'. 

There 'must be organisms, oxidizing condi,tions, and suitable time 

to cause th? conversion of soluble solids and to'agglomerate the 

fine .particles to" form a floe mass, 

• • 1 > * • 

^TTiis floe mass consists of millipns of organisms (10^2 to 1018/100 ml* 
in a good activated sludge) /including bacteria, fungi^^^^ait , 

' protozoa/ and worms, IVhen a floe mass is returned to tll^ aerator 
from the final clarifier, the organisms grow as a result of taking 
food from the inflowing wastewater. The^surface of the floe mass 
is irregular -arid promotes the' transfer of wastewater pollutants 
into the solieteJ^^y means of mechanical entrapment, absoi'ptlori, 
adsorption, or adhesion. Many substances not used, as food also 
are tran^erred to the floe, mass,' thus improving the quality of 
the plant effluent, / \ \ . 

Material taken into the floe, mass is partially oxidized to form . • 
cell mass and*Q3cidation products. Ash or inorganic marterial (silt 
and sand) takeA in by the floe .mass increases- the density of the 
mass. -Mixing i^.,^e aerator prome|:es collisions and thus produced 
larger floq masses. The n^ effect after the aeration perio.d is 
tcf form a floe mass which wiH separate from the wastewater and 
.settle, to the b'^tom of the secondary clarifier, This sludge contains 
most of the residual cc4itaminants and organisms, ^ 

'Growth ^f organisms and a,ccumulated residues produce solids for 
disposal (waste activated sludge). Certain materials* are converted 
and removed from the wastewater to the atmosphere in^the fotm of 
stripped gases . (xarbon dioxide or other volatile gases), £tnd also 
as w^ter and as solids (aludge)^ To produce a good effluent the . 
operator must strive to minimize the' retttm.of these solids (other . ^ 
than as return sludge) to. tHe process. They must be removed from 
the wastewater being- trigated and disposed iji the pl^'t b/ a 
manner which prevents any material from returning to the plan^ flow. 
Far exautpie, maintain as high a concentration of solids in the return 
sludge as possiT)le -to reduce the amount oF'water needed to Return 
these solid? back to the aerator. Don't pump waste activated sludge^ 




5 Agglomerate, To cause the growing orucoming together of dispersed 
suspended matter into' larger floes or^particles which settle rapidly. 

■ - /*. 



directly to an anaerobic digester be'cause it will return to the 
aisration tank as* supernatant with an* added load on the organisms. 
The organisms have already attempted to treat the solids once and 
won't be too effective next time,. If- screenings are removed at 
the headwopks/ don't grind them up and return them to the plant 
flow. Once material is removed from the wastewater, keep it out^ 
except as necessary to maintain the process. 

To maintain the working organisms in the activated sluSge, you 
must provide a suitable envirpnment. Intolerable concentrations 
of acids, bases, and other toxic substances are ifiidesirable and > 
may kilL^the ivorkihg organisms. Unduly fluctuatingjoads may cause 
overfeeding', starvation, and other factors, that are all capable 
of upsetting the activated sludger-process, Jnsufficient^oxygen 
can cause an unfavorable environnfent which resulf^ in oecreased 
organism activity)' 

/ : • 

An outs'tandyig example of a toxic .substance added by operators is 
the uninhibited use of chlorine for odor control Cprechlprinatipn) , 
jChlorination is for disinfection. Chlorine is a toxicant and 
should not be allowed to enter the a<5tivated sludge process because 
it is not selective with respect tX3 type of organisms damaged,. 
It may kijl the organisms that fdu should -^be retaining as workers. 
Chlorine is effective in disinfecting the plant effluent after 
treatment b^ the -activated sludge p^ocess^ 

The successful operation of an ^Ss^vated sludge plant requires the 
operator to be aware of the many fetors influencing the process 
and to check them repeatedly. The actuaL^ontrol of the process 
as outlined in this section is relatively simple. Control consists 
of maintaining the proper solids (floe mass) concentration in the 
aerator .for -the- waste (food) inflow by adjusting the waste ^ludge 
phmping rdte and regulating the oxygen supply to maintain a^ satis- 
factory 1-evel of dissolved oxygen in the process, ^ * 

QUESTIONS 

7,lA*lVh/ds air^adde'd .to ,the aeration tank in the 
, activated sludge process? 

7. IB What happens to the air requirement in the^aeration tank 
when the strength (BOD) of the*incoming water increases? 

7.1C "What factdps could cause an unsuitable environment for 
the activated sludge process in an a^i>ation tank? 

END OF'LESSOIi l.OF 8 LESSONS 
on 

ACTIVATED SLUDGE 



CHAPTER 7, ACTIVATED SL UDGE 
^ . . (Lesson 2 of 8 Lessons) 

7.2 BASIC VARIABLES AND RECQRETKE^ING ' 

-7.20 Gener.al ^ 

Wastewater f-Jows and constituents fluctuate daily. The activated * 
• sludge^plant 6perator attempts to maintain the process at some 
bal^ced state that will be, capable of handling the minCr variations 
in, flows or wastewater characteristics and produce the desired 
quality of effluent. To accdmp^ish this goa^l he mst Establish his 
process on known data and knowledge- obtained afit otfte;: plants *md 
relate them to his plant. After his plant, becomes operational, he . 
thqjr must relatfe his control procedures tolhispwn experience. " The 
variations that affect his«operation are-d^oaA^d from two. sources : 
(1) Jhe dischargers to the c|>llectiop, system ^d (2) inplant v " 
operational variables. 

7,21 Variables in Coliection System 

7.210' Combined Sewer Systems ' * 

During storms the^treatment.plani^wiH receive an increase in flow 
which may cause the follQwing problems: ' . " 

1. . Reduced wastewater time in treatment units (hydrauUc - - 

overload) . . ^ ' - 

* • 0 - 

. ' * * r . ^ 

' & 

2. Increased amounts of grit and silt whtth lower the . . 
volatile (food) content of the solids. ^ ' 

3. increased Organic load during: initial waskoufcof ' ' 
accumulated sewfer deposits, . * - *^ ^ 

^4 ■ Rapi^. changes in wastewater temperature and solids content.. 



5P 



7*211 Waste Dischargers to the^System ' ^ 

Various .industries and businesses om cause considerable fluctuation' ' 
in flov{s and waste, characteristics entering a plant, you sTtoiild^becortie 




acquainted with the managers 
of plants whose discharges 
could upset your treatment , 
processes. Convince these 
.men in a friendly Snanner how 
vita_l it is to' your plant 
processes and the receiving 
waters for you^to be notified 
of -any potentially harmful 
discharges. Try to obtain ' 

• their' cooperation and request 
them, to notify you whenever 
ah accidental spill, a process 
change, or a cleaning operation 
occurs which could cause un- ' 
desirable waste discharges, 
TTiis requires diplomacy ta 
obtain cooperation from dis- 
chargers to regulate tjieir own 
^ discharges and to reduce the 

^^limber of midnight dumps. 



7,212 Maintenanice of the Collection System 

^•^ ■ ■ ... • - 

Advance notice '^of collection system maintenance, crew activities 
can be very helpful. If^a lift station has been out of serl^ice 
for a period of time, large volumes of septic wastewater could cause 
a shock load on your treatment processes. -^-Simil^ar problems could 
•be^ created wjien a blockage i,n*a line is cleared or a new line is ^ 
connected to the system; Analysis of inflow quantities and charac- 
•teVi-stics when thege flows reach a treatment plant can indicate 
whether or. not they will cause a serious problefn. 



7.22 Operational Variables 

Continual review of laboratory test results is, essential in determining 
whether a treatment plant is discharging effluent of the required 
quality in terms of such water quality. indicators as COD, 'suspended 
solids, and nitrpgen. If the desired quality of, the plant" effluent 
is* not achieved^ the operator must.:::detenrine what factor or factors 
have changed to upset plant performance and thus reduce efficiency. 

.Important factors that could have changed include.: . t 

1. Higher CODy^r BOD load applied to the aerator 

(influent /load). * > ^ . 

2*. More difficult to treat wastes haye adversely 
• changed /influent characteristics . 



3*' Unsuitable mixed liquor suspended solids concentra- 
tion in the aerator. ' ' . . 

4^ Lower or higher rate of wasting activated sludge. 

* -* * (J • 

5. Unsuitabl'fe rate o£ returning 'Sludge to the aerator 

' could adversely influencj? mixed IjLquor suspended st)lids. 

6. Higher .solids concentrations in digester supernatant^ 
returned to the plant flow", or.r-eturn too rapi'd. 

7. ^Droj^ping of oxygen concentration in the aerator below 
^« desirable levels. - 

\ , ... 

Examination of plajit' records should r,eveal t)ie items, whfth have 
changed that could have upset the treatment process.' 



' ^ - . : 0UESTIQ^fS ^ - ' ' t ^ r 

V . ^ Z ' / ' ^ ^ a / 

7.2k What two major variables affect the way -an activated 
sludge^ ant is^Dperatfed? \ ^ 

7.2B. Itfhat variables iri ;:he collecti-on system can affect th^ 
* opera^f^ion of an activated sludge plantl^ *^ 

7.2C What p)7ohlems can be caused in an ^ctivatdti sludge ^plant ^ 
when excesiive storm v^ater f lowsthrbugh the process? * 

M ■ • .' , 



5ue-pc 



^ Supernatant .•(soe-per-NAY'- tent) . Liqqid removed from settled, 
sludge. Commonly refers to the liqi^id between'^the slu.dge on j 
the bottom and the scum on.^he surface of an aV^aeYobic digester. 
, This liquid is usually returned to^ the influent wet we-l^l or the 
. primary clarifier. ' ^ ' 

• . . ■ . . ' ' ^ ■ ' \. 
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' 7:24 1)T)ical Lab Results ffig an' Activated Sludge Plant 



Typical results of lab tests for an activated-^sludge plant ^re 
provided 'to assist in the evaluation of lab results^ and plant 
performance • , Remember that every plant is, different and is 
influenced by different conditior^. 



Test 



Location 



Common Range 



COD 



Influent 
Primary Eff;/^ 
HFinal Effl, 



(Conv, Act, SIO 



300 ^ 700 
200 - 400 
^0'- 70 



Tng/1 
mg/1 
mg/1 



BOD 



SUSPENDED 
SOLIDS 



DI3S0LVED 
OXYGEN ^ 

CHLORIN^ 
RESIDUAL 
(30 min/) 



• ^ Influent 

Primary Effl, , 
FiMl -Effl, ^ > 
' . (Cbnv, Actl SIJ 

, Influent' 
• Primary Effl,^ '» 

^ixed Liquor 

Return* Sludge' 

.Final Effl, ' 
(Copv,,Act. SI,) 

, J Mixed Liquor ' - 

Final Efil. (Outfall) 

Final Effl. 



150 
100 
10 
.' 9' 

150 
60 
1000 
2000 
10 



40ft 
280 
20 ■ 



40.0 
160 
4500 



mg/1 
mg/i 
"mg/1 



ing7l 
mg/1 

mg/'p 



10', 000 mg/1 
20 ■ ■ mg/1 



. 2-4 
2 - 6 

0.5 -'2.0 



mg/1 
mg/1 

mg/1' 



J- 



CO LI FORM GJ^OUP 
BACTERIA, MPN 

CLARITY. ; 
(Secchi*" Disc)- 



Final Effl. ^ 
(Chlorinated) 

FinaTTEffl.' 



23 - 700/100 ml 



5-8 



ft 



ft 



PH 



J 



Influent- 
Effluent 



5.8 -8".0 
7.0 - s8.5 



* llejgulatory agencies- normally specify a chlorine residual 
-■-remadmhg af.ter a certain time period. , ■ " 
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7,25 M)esign Variablas • - 

Several different- typps of*activated sludge plants have been 
built using various^ flow arrangements^, tank configurations, or 
oxygen applicatioi^equipment. Howeve"*, 'all^of theie variations 
•^re essential:^ modifi^tions of the. basic concept ^f conven- 
tional activated sludge/ 



7,250 Aeration Methods . . . ' # ' ' 

Two methods are common^ly used to supply oxygen from' the air to 
the bacteria — mechanical aeration and diffused aeration . Both 
methods are mechanical processes with the difference being 
whether the mechanisms' are at or in. the aerator^'or *at^ a remote 
location. ' . ' ' / ' ^> 

Mechanical aeration devices agitate the water surface in the* 
aerator 'to cause. sgray and waves by paddle wheels 
mixers, rotating bnishes , cwr-some other method of splashing » 
water intP the air or Lnto .the water where the oxygen can 
be absorbed. ' ^ . - - ^ 

Mechanical aeratprs in the tank tend tc^ be lower in installation 
,and maintenance costs. Usually they are. more versatile in terms 
of -mixing, production of 'surfa'ce Ure^ of bubbles, and oxygen 
transfer per-unit of applied power.^ , . ' ' 

Di*ffused air systfems use ,a device called a diffuser 
which is used to break up the air stream from the blower, system 
into -fine bubbles; ijrt' the ifii^Jld liquo^'. "The smaller the bubble, . 
the gr.eater the- oxygen i:i;ansfer due to the greater surface area 
of rising air bubbles surrounded by water.' Unfortunately, fine 
bubbj^es^will tend to regroup into larger 'bubbles while rising 
unless oroken up by su^itable mixing energy* and turbolence. 

7. • . ■ • ' '■' ■ . .. 
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7.251 Variation jof Activated Sludge Process ( - . ^ 



The activated sludge plant maybe operated in any one .of. three , 
operational zones on the basis of "sludge age"^^ which is an\ ' 
expression' of pounds, of organic loading added per day per pounlu' 
of organisms maintained ifi the partiqular process.- Sludge age * 
is a control guide that is widely used and is an indicator of « > * 
the length of time a pound of solids is maintained under aeration 
in the system. If the amount of solids uiyjer aeration remains \» 
.fairly constant, the^an increase in the influent solids load 
will, decrease the sludge age. Use of this measure of sludge 
age -i^ -recommended for the aew activated sludge plant operator 
because of the ease in understanding this approach. The experienced 
operator may not accept this method of* control because it ignores 
the soluble COD that is related to the solids productton but not 
measured by suspended solids tests- on the influent. 

The following values are typical^ s ludge ages for different types 
of municipal activajted sludge planets with negligible industrial 
washes. Actual loadings mus^lt be related t6 -the type of waste and 
local situation. . ' 

1. High-^.ate r A high-rate activated sludge plant operates at, 
the highest loading of food to microorganisms; the sludge 
age ranges from 0.5 to 2.0 days. Due to this higlier loading 
the System produces a^low^r qualify of effluent than the* 
other ty^s of activated .s ludge 'plants. This system requires 

* ' greater operatjt'on-al surveillance and cont^pl and ^s more 
ea^j^y upset. * ' ' • 

2. Cdnventipnal . Conventional activated sludge plants' are the 
most common .type in use today. -Tfie Toading of fodd to micro- 

» organisms is approximately 50% Ibwer than in a high-rate plant, 
and the sjudge age rafiges from 3,5 to 7.0 days. This method 
of operation produces 'a high*quality. of effluent and is capable 
of absx5rbing some shock. loads without effluent quality being 
adversely affected. 



10 



Sludge- Ag^, days 



(Suspended Sol, in Mixed Liq.y mg/1)^ (Aerator Vol., M6) (8.54 IBs/'gal) 
(Suspended Sol. in Primary Effl., mg/1) (Flow,MGD) (8.34 lbs/gal) 

Suspended Solids Under *^e rat ion, lbs 
Suspended Solids Added, lbs /day 
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3. Extended Aeration . Extended aeration is commonly employed in 
smaller package-type plants or* iso-called complete oxidation 
systems, TlVese are the most stable 6f the three processes 
due to the light loading of food to micrporgarfisms, and 'the 
sludge age is co'nmionly greater than ten days. Effluent 
suspended solids commonly are -higher- than foilnd under con- 
vent^ional loadings. * ^ ' 

For a summary of the loadings for 4iffea:ent types of activated 
sludge processes, s^e Table 7-1.^ ' ^ ' 

There are other variations of activated sludge processes such as 
contact stabilization, step-feed, Kraus and complete mix which are 
discussed in Section 7,9._^ 




,1 

. • - QUESTIONS ^ " J ^ ^ 

7,2G List, two methods of supplying oxygen from air to bacteria . * 
^ . - in the; activated sludge process. 



^^7, in ^IVri'te the fo'rmulB for calculating sludge age''. 
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TABLE- 7-1 I 
AERATION TANK CAPACITIES AND PERMISSIBLE LOADINGS* 



' ^ PROCESS 


PLANT DESIGN 
"FLOW, MGD 


AERATION RETENTION 
PERIOD, HOURS 
BASED ON DESIGN FLOW 


.PLANT DESIGN 

■ LOAD 
■ lb- BO'D/day 


r 

AERATOR LOADING • 
lb BOD per day/ lb MLSS 


SLUDGE 
AGE , 
DAYS 


Modified or. 
"HIGH-RATE" 


All 


- 1 \ 

2.5 up 


2000 up 


1/1 (or less) 


0.5 - 2.0 


Conventional 


To 0.5 
0.5 to 1.5 
1.5 up 


6.0 to 7.5 
6.0 


To 1000 
1000 to 3000 
3000 up . ' 


1/2 to 
l/4_ 


3.5 - 7.0 


Extended 
*JVeration 


All 


— ^' 24 


All 


As high as l/lO 
to 

As low as 1/20 


10 
or 
Longer 



* Recommended Standards for Sewage Works (10 State Standards), Great Lakes-Upper Mississippi 
River Boai?^ of State Sanitary Eng^ineers, 1968 Edition, published by Health Education Service, 
P'. p. Box 7283, Albany, New York 12224. Price, $1.00. ^ 



CHAPTER 7.. ACTIVATED SLUDGE ' 
(Lesson 8' of 8 Lessons)'' * 



7. a AERATOH LOADING PARA^IETERS . ^ 
7/80' General 

Sludge age has been suggested as the method for controlling the 
solids in the activated sludge' process. Other operational con- 

« trol^. used successfully by operators incfude the waste load 
(food) /slifdge volatile soli^ds * (organisms) ratio and the mean^ 
cell residence time (MCRT) , Mathigmatically, one can show that 
aerator loadings based oX sludge age, food/organism 'rat-io, and 
MCRT are theoretically similar. In each case the operator 
selects ^a nuiQ})er or value for the parameter to start with on 
the basis^of experience and data available from other jxlants. 
He then adjusts this value until he. finds an operating range* • 

^ which produce^, thfe be^st quality effluent for his plaii^. 

^ In each' case, the critical factor 'is the* fobd/organism^^elation- 
^ship which caraiot be precisely estimated ^or arby ^specif icb plafc 
The Opef a tor ^attempts tq^ maintain in the aerator tank sufficient 
solids (organisjTis) to use up the incoming^ waste (food),' He 
doesn't want too many organisms nor too few organisms in^ the 

, aeration tank in relation to the 'incoming^ food, '^Oper^tion of 
the activated sludge process requires removing the organisms 
(settled activated sludge-) from the" secondary" clarifier, as 
•quickly^as possible, V^The organisms are either returned to.-the 
aerator to use the incoming footi, of they are wasted. Therefore,' 

, a^ critical. decision is? tt) detefmii^e- the amount of solids to be 
wasted. This procedure ha§ been discussed and an example pro-- 
vided in S^ection 7.52 for the sludge 'age/kerator loading -parameter. 
Select a method to operate your plant and stick with it,' Don't 
continually try to, switch from one method to another, 

7,81 Food/Organi sm R^tio ' ^ 

The food-to-or^anisni. loading ra.tio is based upon the food provided 
each day tb the iricroofganism mass '.in the aerator. Fooci (was't'e) 
provided. is preferably measured by the COD of th« influent to the>' 
aerator. COD is recommended because test results are. available 
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within four hours and process changes can be made before the 
process becomes upset Many operators load ^erators on the 
basis of the BOD test, but results five days late^ are too 
late for operational control. The ratio of food "load provided 
each day to the volatile solids in the aerator is the-recip- 
^ rocal of the sludge age (see Table 7-1, Section 7.25). Typical . 
loading ^rameters have been established for the three opera- 
tional zones of activated sludge and are summari-zed as folloyfs: 

I. High -Rate 

' COD: 1 lb COD per day/1 lb of-^U^VSS^^ under aeration. 

BOD: >0.5* lb BOD per day/1 lb of MLVSS under ' aeration. 
2^. Conventional ' " . 

COD: 0.5 to 1;0 lb COD per day/l lb of MLVSS under aeration. 

BOD: 0.25 to 0.5 lb BOD 'per day/1 lb "of MLVSS- under aeration. 
3. Extended Aeration 

COD: <0.2* lb COD per day/1 lb MLVSS under ^aeration. 

BOD: 0.05 to 0*10 ll> BOD per day/1 lb MLVSjS under aeration. ' 

* > means greater than. Greater* than 0.5 lb BOD./ 
< means less than. Less, than 0.2 lb COD. 

: c 

^ <. 

7 . 82 Calculation of Food/Organism Aerator Loaaing 

Determine the amount of mixed liquor ^volatile suspended' solids* tp 
be maintained in the aerator of the conventional plant studied in 
this chapter. Assume a food/organism ratfo of- 0.5 lb COD per day/ 
1 lb of mixed liquor volatile suspended solids undex aeiiation. 
Frequently this loading is expressed as 50 lbs COD per day/100 lbs * 
of MLVSS. , ' • 



^^'MLVSS means Mixed Uquor Volatile .Suspended^'sblids. " \ 

I . 
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Information needed: . . ' i . 

. 1. Average COD of primary effluent, ^5(> mg/1 ' 

. 2. Average daily flow, 4.0 M0& / : 

3. Average volatile content of mixed^liquor ' • 

suspended solids, 80%* ♦ . ' " ' 

Find' pounds of COD provided aerator, per day ., ^ ^ 

Aerator . , " 

Loading, = Pr?.m.'Effl. COD, mg/1 x Daily Flow, MGD x 8.34 lbs/gal 
lbs COD/day * ^ - 

= iso mg/1 X 4.0 MGD x" 8.34- lbs/gal 
' . = 5004- or 5000 -lbs COD/day-. \, ' ' 

Find desired, pounds of Mixed Liquor Volatile Suspended Solids under^ 
aeration, based upon j).5 lb COD- per dk ; //l lb of MLVSS^ "" ' ^' 

MLVSS^ . ' _ ■ Primary Effluent-.loD,. lbs/day . 
lbs ~ Loading Factor in ,H>s.,. COD/day/ 1 lb MLVSS" 

- 5000 lbs CQD/day 

0.5 lb COD/day/ lb MLVSS A U 

s'ooo ■• . t'. ' 



O-.S/lbs MLVSS 



*= ■■10,000.ibs MLVSS -unjer aeiration ' 

The MLVSS is a in^as'are(of 'the organisms Iri the aerator available to' 
work on the Incoming waste .(food) .." IVhen operating your plant on the 
basis of MLVSS"; 'you should determine any flucuStions that may occur 1 
during the week and make appropriate adjustment: . 



c 




If tKe COD load applied to the aerator in*creases or drops to a 
significantly differ€^nt level for two consecutive da)^s, a new' 
mixed liquor solids value should be calculated and activated 
sludge wasting adjusted to achieve the new value of solids^desired 
under aeration* Calculation of waste sludge rates is outlined in 
Sections 7,52 and 7,53; * 



7.83 Mean Cell Residence Time (MCRT) 

' ' ' \) 
Another approach for solids control used by opefators is' the Mean 
Cell Residence Time (MCRT) or §olids Retention Time (SRT), This 
is a refinement of the sludge age. Both terms are aJLmost the' 
san]^. The equation for MCRT is: • ^ *\ 

MCRT, ^ Pounds of Suspenjfed Solids in Total Secondary S/stem 

days . - Lbs of Su'sp Sol iVa^'ed/day + Lbs of Susp Sol Lost in Effl/day 

The most'' desirable MCRT for a given plant is detemineld experimen'fally 
just as with'the use of sludge age Ng>r the mixed* liquor volatile sus- 
pended solids concentration. The desired ^:CRT for conventional plant 
operation should fall between 5 and 15 days. (Don'.t confuse this t-ime 
with the recommended range for Sludge Age* of 3.5 to 10 days.) 

A wajr of determining MCRT for the example plant 'in this chapter 
would be as follows: 

Required Data: . . . ' 

1. Aerat'b^ = l,000,nOO gals 

2. Final clarifier volume = 500^000 gals 
f Total secondary system volume = 1.5 MG 

' ^3. Wastewater flow to aerator - , = 4.0 MGD 

4» Wa^^te sludge flow for past 24 hrs = 0.075 MGD ^ . ^ 

'5. Mixed licjuor ^suspended solids 

concentration / = 2400 mg/1 

6. 'Waste sludge (or return sludge) 

suspended *so'lids concentration = 6200 mg/1 , 

'7. Final effluent ^suspended solids 

concentration ' = 12 mg/1 

V 



if; 
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7.84 Calculation of Mean Cell Residence Time 



MCRT, _ Suspended Solids in Total Secondary System, \\fs , 

days , r -Susp Sol Wasted, Ibk/day + Susp Spl Lost in Effl,. lbs/day 

• Susp Scfl in ^Mixed .Liq, mg/l x (Aeratoi^lG +'Final Clari--' 

, ^ fier Vol.-MG) x 8.54 lbs/gal ' " 

(Susp Sol in Waste, mg/l x Waste Rate, MGD x 8. 34. lbs/gal) 
+ (Susp Sol in Effl,; mg/l x PJ ant "Flow, MGD.x 8.34 lbs/gal) 

' \ ^ _ 2400 -mg/l X (-1.0 MG + 0.5 MG) ^x 8.^ lbs/gal 

\ (6200 mg/l X 0.075 MGD x8.34 Ibs'ygal)" ... 

•\'^ , + (12 mg/l X 4.0 MGD'x 8.34 lbs/gal) ' ' ^ 

- 2400 mg/l X L.5 MG x 8.34 lbs/gal 

(620Q mg/l X 0.075-MGD' x 8.34 lbs/gal) " *. 

+ (12 mg/l X 4.0 -MGD x 8.34 lbs/gal) 

. .■ _ .30,024 lbs 

3878. lbs/day + 400, lbs/day 

30,024 lbs 



4278 lbs/day' 
7.0 days 



If you are operating the plant on the basis of MCRT and the plant 
operates satisfactoril)^ at- the MCRT of 8, 9, 10, 11, or even IS 
days, the main method of control is to adjust the waste sludge 
rate to maintain the MCRT at the desire.d number of days. 




Jlearranging the equation on the previous page, calculation* of the 
slu(ige .waste rate from the system merely means plugging in 'the ^ 
cliosen MCRT -(use 7 "days) ^id. solids figures, * ' , 

Example : 

Waste * 

Sludge, = • '"t'MckT"dCl""^'''' - S"=P Sol in Effl, lbs/day 
lbs/day . , » ^^^^ 

y ''- 2400 mg/1 X 1.5 MG X 8.54 lbs/gal 12 mg/1 x 4.0 MGD 
^ . ■ " ^ 7 days, " x .8«:34 lbs/gal 



y 



30,024" lbs 

■ h days - ^^1^^^ 



= 4289 lbs/day - 400 lbs/day 
$89 lbs/day •' 



.The waste sludge pumpiltig rate of 3878 lbs/day agpears to.be correct 
to maintain a Mean Cel^l Residence Time of 7« days. 



. \ • ■ ■ QUESriCTlS • « . * 

7.8A^ IVhy is it sometimes necessary to..was\:e som§ activated sludge? 

7,8B If you calculate that your plant has ^^12, 000 pounds ^f mixed. 
' liquor volatile suspended solids ur\der aeration ancj[ you nfeed 
9,000 pounds under aeration, how miny- pounds shQuld be wasted? 

7.8C IVhat should be the waste sludge pumping r^te (TGPM) if a'plant 
shbiilid be waiting 3000 pounds per day and the; concentration ^ 
V of return sludge is 6000 mg/1? 

7,8D Estimate the waste sludge .ra^e ( lbs /day) ' from an activated 
sludge plant operating at an MCRT of 10, days, The!,system 
.contains 40,000 pounds of suspended solids and the ef^iu6i\t 
has^a suspended solids concentration of 10 ihg//i--at a flow 
of 5 MGD. - 0 o . 



o > 
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,7.9 MODIFICATIONS OF THE. ^ACTIVATE SLUDGE PROCESS .' . 

7.90 Redsdns for Other Mdd'es of Operation • ^ — — • 

Modification of tfjfe conventional ^eti^ated sludge process^iias been ^ 
^developed to^improve operational, results under certain circumstances. 
Some ,of th^se condttibris may . , - " 

1, Current ox actual^ loadings "are in^excess^of • 
design loadijig'/for conventi;c5flal gyration,, . 

2, IVas^tewatqr constituent's require add^ nutrients 

X tO'properly treat influent waste load/ ' ' % 

\ ^ 3, FUw pr str^gth o-f wast^ varies ' seasonally*, • * f ^ 

7.91 C^act St^i;»!i ligation fFig, 7,9) -•■l' ^ V " 

^ Operation of an activated sludge plfnt on' the basi^ of c6htact • 
stabilization requires two aeration tanks, Ifei tank is for 
^separate re aeration pf the 'return sludge for a period of at.^ 
least four hours before "it is permitted to flow into the other 
aer^tioji tank to be mixed with the prima'ry^ effluent requiring 
treatmen}:. Loading factors are*the same^s for conventional . 
activated sludge, but at times the solids in the aeration .tank 
may be alifiost twi^ce as high as. normal' ranges^ in conventional 
plants, , ^ ' ' ' ^ , . 

I,f the ^lids content in aeration* tank "A^ (mixed liquor aerator, • ° 
Fig-, ,7.9) ■ and aeration tank "B"" (return sludge aeration only) are 
combined, the loading ratio of food/ organism^ is the same as 
conventionaloperation, but if yon only Ipok at aeration tank "A" . 
$ where" the 1 Odd is^ applied,. V approatdi double the loAd ratio 
e>staDlisH%d<,for conventional' activate*^ sludge, i 

^ ■"'^ * ^ • : ^ ' , • 

Contact stabilization attempts tp have organisms assimilate' and » 
store ^arge. parties of the. influent .wa^te .load'.in a short time 
(as short as. 30 -minutes) .• The. activated' s ludge i^ separated from ' , 
the treated wastewater in the -secondary ciarifier and returned to ^ 
• the reaeration -tank -"B". No nev; food is" added to" the rekeration . 
tank and the organisms must use the waste materia], the5^ collected 
ana stored 'in ^he, first aeration tank. When the stored 'fotfd.jsj-r 
used upj the organisms begin searching for more food -and are " / i 
i«eady to be rA'umed to tank "A". ' * 

EProcess controls for a contact stabilization plant are the same 
as thos,e described tor a conventional plant in. this chapter.' IVhen 
a plMTt has exceeded design flows, oris subject to peri'bdic high 
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Fig. 7.9 , Plan layout oi contact -stabilization plant- 



flows or shock waste loads, then ^c ontact s tabili^atiQn.,iA-^apab,l^ 
of treating the plant influent because' a ready reserve 5f arganisras 
is available in the r^aeration tank ***B*\ ' " 

7.92 Kraus Process (Fig. 7.1G) 

The Kraus process is a modification of conventional 'activate^ 
siudge, and the process is patented by its developer. The process 
is widely used when the wastewater contains ^ much* greater ratio 
of carhonsfcepus to nitrogenous material th'&irfound in normal 
domestic wastewater. 



This imbalaVce commonly occurs when wastes from canrfSries or 
dairies are/ treated. When the. organisms use all- of a limiting 
constdtueni, they refuse to remove the regaining portions of 
the other constituents. Normallythis nutrient deficiency. is 
nitrogenous material which is readily available in anaerobic 
digester supematantf and slud'ges. Feeding anaerobic digester 
supernatant or digester sludge to the aeration system will 
usually supply the proper nutrieftts to maintain the balance. 
The method of applicatioh is very important. * 

In the Kraus process, the return sludge is, sent to the reaeration ' • 
aerator (''B^') to be mixed with the digested sludge from a comple'tely 
mixed digester. In the reaeration .tank C^B") , the digested sludge 
and the return sludge are mixed, reaerated, and then- sent to* the 
mixed liqudr aerator ("A*'). The amount "of digested sludge introduced 
to the system is determined t>y laboratory ^evaluation and by carbo- 
naceous material removal through the system. . ' ^ \ . 

on. ^ • ' * ' ^ 

Thg same controls apply as described for controlling a conventional 

activated sludge plant. The 'main objective is to properly balance 

nutrients; however, one added advantage (similar, to contact ^stabili^. 

zation) is the ability' to maintain a larjge Wss <Jf organisms undejr 

aeration in a relatively smalle-r system. * T \ 



7.9S Step>Feed Aeration (Fig. 7.11)' , • / - 

Step-feed aeration actuajly is a step^feed procass based on con- 
ventional activated sludge loading parameters*. The difference 
T^etween step-feed^an^ conventional operation is that in, conventional 
activated sludge the primary effluent and return^ sludge are intro- " 
duced at one point only, the entrance to the aeration tanks. In 
step- feed aeration the* re^uim sludge is introduced separately and 
in many cases ^llowed a short reaeration period by itself at the 
entrance t6 the tank. 'The prijna?ry effluent, is admitted to the aerati 
tanks a,t several different locations. These locations distribute. ^ 
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- or* Contact Stabilization - ^> *, 

^ . lOO'u Influent 

Several possible niodfes .oY feeding prinjary efiluent to the aeration 
tanks • Some tanks may have*norc*or Tev^er points of discharge into 
the tan"k. ' ' ^ 

Fig. 7.il y^das ot" step aeration 
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* the waste load over the aeration tank and reduces oxygen Sags in 

an aerator. If you introduce* the influent near the outlet end 
' of the aeration tank, the process will become similar to contact 
stabilization. ' </ ' 

•\ ' • » 

Step-feed aeration distributes the oxygen demand from the wastewater 
oV^r the entire aerator instead of concentrating it at the inlet end. ^ 
Some of its, advantages over conventional operation include less ^ 
aeration volume to treat the same volumes of wastewater, better con- 
trol in handling shock loads, and better control of the sodids entering 
the secondary clarifiers. IVhen a conventional' plant is operating 
above design loads and the secondary clarifiers cannot handle 
, the solids load, switching to step-feed aera.tion or'fpntact - 
' stabilization allows the operator to maintain the desired amount 
•<of solids under aeration. Successful operation requires good ^'aste . 
s,torage transfer into the solids in the short time intefvainBefote 
the waste reaches the effluent end of the aeration tank. " , 

This mode of operation is controlled by the, same procedures 
used for the conventional process except that the mixed, liquor 
suspended solids determinations must be made at each poinf oft 
wastewater addition iv measure, the waste content and dilytion- 
factor provided by the primary effluent to determine the total 
pounds of solids in the aeration tank. 



7.94 Complete Mix (Fig. 7.1 




The complete mix mode of operation is a design modification of ^ 
tank mixing techni^ques to insure equal <^i,ptributioh of applied 
waste 'load, dis^.olved oxygen, and, return sludge throughout the 
aeration t^nk.^ The theory of thi's modification is that all 
parts of the aeratiofl tank should be similar i-n terms of amounts 
of food, organisms, and air. - This is accomplished by providing 
diffuser location and application points of influent and return 
• sludge to the aerator at- several locations. -Providing a similar 
condition throughout *the entire aeration tank allows a food/organism; 
:ratio of 1/1-^nd stLLl -produces effluent qualities comparable to . 
conventional Operation. Generally, s mailer *aerati<jn tanks, are ^ 
more completely mixed than larger ones. -Usually aeration is more 
efficiefit in a complete mix facility such as illustrated in. 
Fig. 7.12 Ue cause of . the- locations of the air headers. 
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^ . '^PLAN VIEW 

air' HEADERS - mi VARIOUS POSITIONS 
• (HERRING BONE PATTERN) 
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Fig. 7.12 Air header locations in complete mix 
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* 7.95 Modified Aeration ' (Fig. 7.13)^ *" 
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jjLTERN ATE 

EXCESS stuDGE 
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Fig, 7. rs Modijliecl- aeration 



[fied aeration is also known as high-i;ate activated sludgt* 
(^equently it is used as intermediate. treatment where the dis- 
/^harge requirements demand iiigher treatment than primary, but 
not as high as conventional activated, sludge, in terms of BOD 
and suspended solids removals.. 



Either <raw wastewater or primary effluent is applied to an aeration 
t^k with a detention time of* two hou!rs and^ mixed liquor suspended' 
solids concentration of less than 1000 mg/1. > Air requirements are 
lower because of fewer organisms (solids) under aeration. Effluent 
quality ranging from primary treatment to 9onventional activated* 
sludge treatment can be achieved by the operator by controlling * - 
the .air supply, aeration period, and 'the pounds of solid3* under 
aeration;^ • . ' 
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-CHAP-TER^8-,— S LUDGE -DI6ES|-IQ^-~ANB-HAN&IxIN€- 
(Lesson 1 of 5 Lessons) 



'8,0 INTRODUCTION 

Settled solids reinoved from the bottom and floating scums removed 
from >the top of clarifiers and sedimentation t^nks are a watery, 
odorous mixture called ra.w sludge and scum. Frequently this raw 
Sludge is pumped ^o a sludge digester for treatment before disposal. 
In the anaerobic sludge digester , the most, common kind, bacteria 
decompose the organic solids in the absence of dissolved oxygen. 
Figure 8.1 shov^, the location of an anaerobic slyd^e digester in ' 
a typical plant. Figures 5,2, 6.2^ and 7.2 ^Iso show plan views 
of tlie location of sludge digestion^ and h^dling facilities in 
relation to"other treatment |)rocesses. 



8.00 Purpose of Sludge Digestion \ ^ ^ 

Anaerobic digestidrf ^ reduces ^wastewater solids from a sticky, smelly 
mixture- to a mixture that 'is ri&latively odor free, readily dewaterable 
and capabl^e of being disposed of with out ' caiising a riuisance. 

In the^rocess organi|b solijds are liquefied, the solids volume is • 
reduced^ afnd valuable' methane gas is produced, in the 'digester by. the 
action of two different groups of bacteria living together in the same 
environment. One group consists of saprophytic or^anismsk ^ commonly 
referred to as >rcicy formers". The second group, which utilized the 

Vi • 



^ Anaerobic Digestion (AN-air-O-bick) . . Wastewater solids and watei 
(about 5%^ solids, 95^ water)^ are placed in a large tank where , 
bacteria decompose the solid's in the absence of dissol^^ted oxygep, 
At least twQ general groups of b^^cteria act in balance: 
saproph;ytic bacteria (see Footnote 3) and methane fermenters 
break down the* acids to methane, , carbon dioxide, anci water. / 

^ Dewaterable. A material. is considei'ed dewaterable if .watey -will, 

readily drain from it, ^ Generally raw sludge dewatering i^ more 

. ^ifHcOTF~tKM^sft^^r~-TeTm^ 
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Saprophytic Organisms (SAP-pro-Flf-tik) . Organisms living on dead 
or decaying organic matter. They help natural "decomposition of the 
organise solids in wastewater. 
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Fig. 8.1 Flow diagram of typical plant 
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acid produced by th-fe saprophytes, are- the "methane fermenters". 
The methane fermenters are not as 'abundant in raw wastewater as 
are the acid formerst The methane fermenters de&ire a pH range 
of 6.5 to 8.0 and will reproduce on-iy in that range. ' \ 

The object of good digester operation is. 'to maintain suitable 
conditions in the digesfer for a growing .(reproducing) population 
of both acid formers and methane fermenters. You must do this by 
the control of food supply (organic .solids) , volatile acid/a;kalinity 
• relationship, mixing , arid temperature- . Generally, you have done your 
30b properly if -the digester reduces the Volatile (organic) solids 
content by between 40 And 6^0% of what they were in the ra\^ sludge. 

To obtain., the desired degree of organic solids reduction fnay require' 
frQm-5 to 120 days of digestion time. The time required depends on 
how .(good a job you are required to do on digesting the sludge, and on 
the adequacy of mixing, the organic loading rate, and t'he temperature' 
at which the bacterial culture is' maintained. 



8,«P1 How Sludge. Digestion Works ', (by William Garber) 

The equations shown in Fig. 8.2 illustrate one- way, of outlining what 

happens in a digester. These equations indicate two "general types 

of Reactions : , , " \ • . 

* * * . 

Acid forming' reactions which proceed at a rate 
dep^^dent upon temperature, .pH, and ^food ^conditions ♦ 

2. Methane fermentation reactions which proceed at a 
- rate dependent, upon temperature, pH, arid food conditions. 

•You must try to operate an ana'erobiq sludgq digester so that the rate 
of acid formatipn and methane fermentation are approximately equal- 
otherwise the reaction w\ll get out of balance. The most common condition 
of unbalance that occurs is that the methane' fenrtenters, which are 
sensitive anaerobes, fail to keep pace and the aigester becomes acid 
because the rate at which acids are converted is too low 

The AiteratiH-e has been fujl of terms such as "Sjandard-Rate" and 
"High-Rate" diges-tion. These terms refer to digester • loading and 
not to the rates of bacterial action. In I'High-Rate" systems, 
mixing is used to obtain the best possible distributioo of the . 
substrate (food) and seed (organism) so that more bacterial reaction 
can" occur. - « ■ . - . : • 
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Mixing is the most vmportant factor i,n the so-called ••High-Rate'' 
process^es, and it is considered to accQjjp^ish the fpllowingT 

1. Utilize as "much pf the total content of a digester 
as possible. ^ , 

2^ Quickly distribute the raw sludge food throughout 'the. 
volume of sludge in the tank. 

.3. Put the microorganisms in contact with the food. 

4. Dilute the'', inhibitory by-produi:ts of niic'robiological 
, reactions throughout the sludge mass. . \ ' 

5.. Achieve good pH control by distributing buffering alka- 
linity throughoi^^ the digestion tank. 

6. Objtain the h^st possible ^distribution of heat through 

the tank*. ' ' . ^ 

7. Minimize the separation of grit and inert rsolids 'to'the * v ' 
» bottom or ffoating scum material to the top. 

^ dige-ster may be operated in one of thtee temperature zones or 
raAges, each of which has its own, part^/cular type of bac-teria, 'The 
lowest range (in an unheated dige,s5^/ utilizes psychropfrilic (cold • 
temperature loving) bactetia. ^ Temperature ^ of the sludge inside 
tends, to adjust to the. outside temperature. ' However^ below SO^F 
little or no bacterial^ activity occurs and the necessary reduction 
in sludge volatiles (organic mattw) will nC.t occur. When the 
temperature increased above SO^F, bacterial activity inojfeases to 
a measurable rate and digestion starts again. The bacteria appear"'*' 
to be able to surviV;^ tei^peratures^well below freezing with little ^ 
pr no harm. t The psychrophilic upper range is ^ around 68oF. Digestion 
in this range' reqyires rrom '50 to 180 days, depending upon the degree ^ 
of treatment (solids reduction) required. Few digesters are designed^ 
today to operate in this range, but there^are manf still in use, 
'including most Imhoff tanks and similar unheated digesters, with no' 
mixing devices. Generally these digesters are'not very effective in. 
digesting sludge. . . • • ' 



Psychrophilic Bacteria (organisms)' (s/t-kro-FILL-.lick) . A group 
' of bacteria that thrive in temperatures 'below es^Pi 
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Thelfmiddle ran^'^of organisms are called thg mesophilic (medium 
temperature loving) ba.cteijia^ ; they thrive between about 68 
and 113^F, This- is the'most common operational range, with 
temperatures usually being maintained at about 95*"^?^ to '98^F. 
Digestion at that temperature ma/ take from'5 to 50 days or more 
(normally^around> 25 to' 36^ days), depending upon the- required 
degree of volatile .solids reduction and ade<iuac^ of mixing. The 
so-called "High-Raj:e" processes are usjially operated within the 
mesophilic temperature range* These are nothing more than pro- 
cedures to obtain goo4 mixing so that the organism^ and the food 
can be brought together to allow the digestion proce*sses to pro- 
ceed as rapidly as possiMe, With the most favorable conditions 
^the time may be no more than five days for an intermediate level- 
of digestion.' ' * ^ 

The third r^^ge of organisms are called thefmophilic (hot tempera'-^ 
ture lovir^) bacteria , f and they thrive above 113"F, The time' 
required/for digestion, in this range falls between 5 and ^2 days, 
depending upon operational conditions and ^degree of volatile 
solids reduction required. However, the prob^ms of maintaining 
temperature, sensitivity of the organisms to temperature change, 
and some^ reported problems of poor snolids-liquid separation are r 

fsons why only a few plants have actually , been operated in the 
rmophili.c range-. ♦ ^ ^ 4^ 
cannot merely raise the temperature of the digesters and have 
a successful operation in another range, ''^ Infe' bacteria must have.* 
time to adjust to the new temperature zone 'and to develop \a. 
balanced culture before continuing* to work. An -excellent rule 
for digestion is never change the temperature more than one degree 
a day to allow the bacterial cuLtnxe to becoma* ac'climated (adjust 
to the tempei^jature ^changes) . ; ' ^ 

Secondary digestion tanks are .sometimes use^'to' alTow liquids 
( supernatant) ^ to separate from the solids, to^ provide a small 
•amount of adjditional digestion, and to act as a "seed" source (the- 
settled, digested sludge). However, digestiop tanks getiferalfy have 
too small a "surface area to depth" ratio to be. good* sedimentation 
tanks.. Separation of solids from liquids is more efficient in^ 

. - . * > 
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Mesophilic Bacterid (mess-O-FILL-lidc) . A group of bacteria 
that thrive in a temperature range between 68^F and L13''F. * ' 



Thermophilic Bacteria (thermo-FI LL-lickj . A group of bacteria 
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that thrive in temperatures above 113^F, 

Supernatant (sue-per-^'AY-tent) . In a sludge digestion tank, 
ths s.upematant is the liquor between the surface sdum and 
the settled sludge on thje bottoni of the tank. 
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lagoons or in tanks designed for separation. If a significant 
amount of digestion occurs in the secondary tank, the ro^ult ' 
may be poor separation of splids. Secon-dary digesters should be 
used for solids concentration and for a reservoir of alkalinity 
and seed sludge which may bje returned to the primary digester 
when needed. »* ^ - ( * < 

You have certain' other<i terns you can use -for control in addition^ 
tp' mixinlg and temperature selection. These include: 

' 1. Varyin^i^the sludge 'concentration or water added t;o 
the system^ x ^ . ^ 

' . : ' ' ' 

2. Varying the. rate and frequency of feiding/wil^ continuous 
feed the most desirable.' ' \ 

Zl Closely contro'lling grit and skimming rn order that 
capacity- of .the tank is affected as little as possible 
by thest matetials. ^ , » " 

4.' fleanirig regularly to maintain capacity, ^ 

/5. A good maintenance program to' maintain the lilk^imum 

• de'gjee^of flexibility. ^-v^ 
, • ^ ' • ^ . ^ ^ ^-^^ 

6. - Maintaining records and laboratory control in ofc)er 
that process condition is known* at all tiipes. 

Alvthough digestion is a complex process and only a portion of its 
theory* is tmderstood, enough *is known to allow you to exercise 
good operational* control. For sludge digestion as for* any of the 
wastewater. processes, remember that for the .-most successful opera 
tion you need to dd the following:^, ^ . ^ 

1. Understand the theory of the process so you know what 
4 yo^ basically trying* to do. 

2. Know your facilities thoroughly so' that you cdn attain 
^^maximum flexibility of operation. ' * * % 

3. Keep car<^ful records and. use laboratory analyses to 

• follow the process .contiijiially. 

t 4. Maintain your facilities in the* best possible condition 



at all' times.. . ^ - # 
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8.1 COMPONENTS IN THE ANi^ROBIC^ SLUDGE DIGESTI(»J PROCESS 



To understand and operate, an anaerobic sludge digester, the operator 
most be famijiar with the location and function of the .various com- 
ponents of the digestion facility, 

8.10 Pipelines and Valves 

Raw sludge pipelines are usually constructed of cast iron orvsteel 
to withstand pumping pressures. In recent years glass- lijie^ or\^' 
epoxy-lined sludge lines have b^en tised to alleviate^-the problem* 
of grease deposits. These deppsits cut Opacity and may cause 
'stoppages. Some plants use "go-devil" type cleaaiers and/or hot 
chemical solutions such as*-T.S.P., instead. 

The valves used in sludge and scum lines are mostly of the plug'" 
type. They give positive control where a gate^ or butterfly valve* 
ma]|^ become blocked by yags or* other material wkich will not allow 
the valve to seat. In some cases a gate or butterfly'. valve is ihdi- 
c'ated because a quick closing. plug valve could result in water hammer 
and damage the pipe line ♦ ' . . * . 
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CAUTION 
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(jlHiSTKjNS 



H^\0^ Why ;irv {)Iuh type valves used, in s Fud^e Jines? 

J<,10)^ Why should a positive disp lacem(*ii t* pump never 
he sfarle^l aj^'ilnst'a e I'osed- va I vo ' 

\0{ Why should a vS ludj;t; line never" closed J44^)oUi 
(Mids V ' ' , • ] • , 



niv.cs.tion tank.s^ may he i:y I indrica.l or cul»ical in'sJiape, Most lanks 
constructed today ar(* cylindrical. The lloorw/f the tank is sloped 
so- that sandi^^TiL, and heavy sludge w|l I lend to he removed from 
the tank," Mosi dq;csters cons^tructed l^ay have either, fixed or 
r 1 <^j\ i n \i covers, , . ' . * 

. ' ^ 

A,^ rj..\od ^:over Tanks , • ^ . 

A fixed cover t^mk has a 'stationary roof, generally slab/xonical, 
or coneyshiipcd, and constructed "of concrete or s-teel, Bath types 
of cover^--nTe normally designed to^jniaintain no more -than an eigh^f^Hich 
•water column of gas pressure "on the"-tank roof (Fig, ^.^J, but some are 
■designed "for {Pressures of 25 Inches or more. The do^ed cover is 
designQd to hold a larger voli^e of gas. Any 'type o^ mixing device 
may be used With a fixed cover tank, and t^i'e ifenk must be eqiu^ped 
with pressure and vacuum relief valves. ^ 

'A^fix^d cover 4i.g.ester can have an explosive, mixture iii^ the tanlc' when * ' 
sludge is withcirawn if proper precautions are not taken** to prevent air. 
^rom being drawn into tl^ tank. Each time a new charge of -raw sludge,.";/ 
,is added, an equal amouift of supematan^^s^displad^.d Ijecause the tank ^ « 
is maintained^ at a fixed level, • '* 



B,^^ Floating Cover 



A floating cover moves/'up and down with the tank level a^a gas pressur^,! 
Normally 'the -Vertical travel of the cov^r^ is about eight fe^t>' v/ith . 
stopS\ (corbels) Qr-~4anding edges foT.down flowering) controTand . 
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maxi;;mm water 'level -for upward travel. " Maxiiruni v/ater /level, i^'.'*'', 
ccntrolied by sn cvAvfJow pipe that mus^ kept •cle'ar to prevent* 
damage to the floating cover by overfilling. Gas prj^ssure* is ' 
dependent upon the weVglit of the cover/ 'ITie advantages -of a 
.floating 'Cover include less^jdanger of explosive mixtures forming • 
in the digester, betl*er cont^ol'af supernatant wit^rawal, and' 
.better control of scum blankets. . Disadvantages imliide -^higher 
construction and maintenance costs, * ^ * 



C. Digester Depth . 4 ' . ^ * - 

' ■ .: ■ . \ " ■ " /■ 

A typical operation depth for digesters is arourid/2Q feet^ (si^e 
wall Water l^evel depth). The bottom slopes dowi^ard to the.Q-enter 
of the tank.- A gas space of two to three 'fe^t is usually provided 
above no^al liquid sludge JeVel, but some floating .covers allo>v[ 
more* room for^gas stora^e^,. * . , 

D. Raw Sludg.e Inlet J ' , -'^ v ' * 

Typically the- raw sQudge f^ed is piped to"^he top of the, primary - 
digester and admitted on the -side opposite the supernatant over- 
flow pipe (FigVi8,'4) . to -the secondary digester. Typica^lly this ' 
iline also carries any recirculated digfestfer'sliidg^ in ttie system / 
^0 that the raw sludge is immediately seeded with bacteria as it ' 
enters the tank. ^ . ' *r ^ ^ ^ 

E. - Supernatant Tibes '(Fig. 8.4) / . • , 

* • ^ . ' - , a • " 

CM- a fixed cover digested there may be three to f ive^^supematant 
tubes set at different levels for supematsint -i^moval . Normally - 
only one- tube is used at a time. The tube used is selected *to * > 
return the ^upe'matant liquor, with the lowest -quan^tity of soli<is 
back -to th/primary clarifier,, ' or^fo s ludge- dtying beds, prtfvid^d 
^ac)5 is Available". . ^ ' /• • ^ \' 

A single adjystab^le tube is als^o used at some plaj^. On the 
floa-ting cov^T digester there* is fisualjy only' one supernatant 
tube.^ This may be. adjusted to pul 1 supernatant l^icfibr -from various 
levels of the faftk ^y. raising or I6wering the' tube.* In smaller- 
plants the supernatant 'withdrawal may begone 'only once or twice> ' 
a day, because the ^f loating^jj^ver allows the '"tank -to^handle volunre^- 
changes. An adjuj^table, tTfbe usuai^lly allows a supernatant with the 
least solids co\itent t6, be selected.. 'The digester*, should b^ visuall 
checked a miriij/um of once^J)er day foih liquor # levels to pr^vVnt over- 
filling and structural' damagfiiJ^o the tank,* .* ^ 



3 FT. SUPERNATANT TliaE"irseffVICE 
ADJUSTABLE RINGS-tH?tEV|:£i«JTHa. " 
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' - .: ^ ""1 

F,- Sludge ^Draw-off LiT\es • * . . ' 

^' . 

The sludge draW-off lines are typically placed on blbcks 'along 
*^he sloping floor of the 'digester-, ^^iudge is Witjidrawn from the 
center of the tank. , Very seldom axe' they placed under t;he floor 
of.;the digester because they would not be" accessible in 'case of 
•'blockages; TTiese/lines are normally sjLx inches in d^yame'ter ,and 
equipped with plug valves. . The lines are used -to transfer, the 
digester sludge perxodiorffly to a sludge dispersal . system "of 
^either drying beds or some type of dewatering system. These 
lines also transfer* seed. .sludge, from the secondary digester to 
the primary digester and recirculate bottom sludge-'tp seed and 
break up a scum blanket. ' - ' ' .. ^ ■ 



QUESTIONS 



8.,11A. Why should you maintain no more' than an eight-inch 
" water column of gas pressure on the roof of a -fixed--^- 
cover digester? 

^\llB Why^must a fixed coye*r digester "'be equipped with 
pressure and vacuum 2;elief''-yal\^s? 

* \ " » 
'8.I1C- What. -are the advantages of a floating cover in 
..Si 'c6Tnparison with* a fixed cover digester?^'^ " . . • 



,8.11D' Why ,is it desirably to. mix recirfculated^digester 
sludge with raw sludge'? * ■ . " - ^ ' 



-END OF LESSON 1 OF '5 LESSONS 
..... . on ' ■ - 



SLUDGE .DIGESTION AND HANDLING 



CHAPTER 8. SLUDGE DIGESTION AND HANDLING 



(Lesson 2 of 5 Lessons) 



«.12 Gas System (F^ig, 8.5)^. \ * . * * 

The anaerobic digest idn process produces 7 to 12 cubic £eti of gas 
for every "*poun(f Of volatilq^matter destroyed, depending upon thfe^ 
characteristics of thQ^ s Judge • The gas consists mainly of methane 
vfCHt^) and' prbon* dibxide\(C02) • ' The methane -content of the gas in 
a propeyly^ functioning digester will' vary fjom 65 to 70%, with, 
carbon .d'ioxide running aroun^.SO^to 35% by volume/ -One. or two 
percent ,bf the -^gester'gas is composed of various other gases. 

Digestet gas (due-to the .'itiethane) possesses a heat value of approxi- 
mately 500 to 600. BTU^ per cubic foot, whereas n$tural« gas" with i 
higher methane coi^ent may range 'from 900 to, 1200 BTU per cubic foot. 

Digester gas is utilized in plants in various ways: for heating the * 
digesters/ for heafting th^ piant^ buildings,^ f(jr running enginesj^^for 
air blears 'for ,tfte" activated s-ludge, process, ^or for electrical power" 
for. thQ^ plant. ^ ; ' ; . > 



WARNING 



• PI Gxt^-XtV <^A4 CAW exfl2^M-ELV WmC^ E I20ti^ 
i-N-rwo \A/AV6. W^^jsl AAiXCT WITH 0W6r^M 
It CAM I^OfeM ^9LO^\ \ie M I XfUEE^ , AMP. IT ' 



, - . ' i ' ■ ■ ■ 

® Many figures in thi;^^J;ectfon -were made available courtesy^ of 
» VAREC, Irtc, 30rEast*Alondra Blvd., Gafdena, California 90247. 

Mention, pf coi^ercial products qY manufacturers is' foj illustra- 
^' tive |)urposes an^d^does not amplj^'^etidorsement by Sacramenfo State 

Collejge*; fiPA/WQ0;VpV any other js^tate or ^federal agency. 

^ Bm .British fherJi^al .U^^it . Thi amount qf.heat required to -raise 
the temperature o^ one* {)ound off water orfe degree Fahrenheit. . 
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•'•^^ 'g.H.^)^^^^^ ristnovis- i^e -gas from the- digester to .a 'point^l^use, \ 
or to -Ue ^^uij^^ th^ ;was?'fe* gas burner as excess. . The 'following 
item^ are 'c6nipo^eiiH^6 . . ^ V ^ \ 



A* Gas^' Dome 



' 0 



This is a po^ in_t|i^;dige^^e!rvr^ f rom, f he tank^is ^ - 

removed;,; Ontfe^^^d'^over ^^ah'k^ a. ^atVig^i^eal * \' ' 

(Eig^ 8.. 3) incbrporateS^, to protect. th-e<,taHS/-5$ruc fibni ,excess ' 

positive pressure , or' Vacuum created by \wx4adfawal of ..sludge or o . ^ 
gas too ^apidl/^ v ^. * // -'^ -.^^.^ ^' • ' \ - ' 

If gas 'pf6s^s.u're;:^*V;MlQweU to build up tjb 11 inches^ of water column 
pressure,' it 'yi^il escape .around^-tii^^ wati^ seal^tp the 'atmosphere ' 
without lifting|.the roof , ' If '^^'ludge i:s-'urawTX or gas used too / 
rapidly, the vacyum could exceed 'eight inches 'ahdJ^ye^ the water 
seal; th^^alAowing air^ to enter the tank* 4vitlt^t':the .v^ater seal, 
the yacuu^^rotr^:^' become gr^at enough to collapse'' the tanT^J " Air ,^n 
the-^t^nk .creat;es an]explosiyl condition. In' addition, sulphuric 
acid corrosion i^ often' found jw|ierfe_ air k consistently in contact 
with,th(6 gas*, The pipe:lirie "betwe'eVthe/ga? stoi?age '•tank and' 'the * ' ' 
digester, y^iU fyr6tect the dige^stffeir from .Water seal 'ieaks, if the. . . ' ^ 
line is clear* ' 1Vh en ' liquids .^re piumped' into'' the digester, gas 4:*^'n;--^^ 
go out the line'tq the storage t^k ^nd whe^ liquLte- .ai^^ pumped out 
of the df gester^. ;gas can rfetuirii thrbug^r/the 'line; ' * 



^ ■ 
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QUgST'rbNS 




are tne^«5 main*. -^aseious, comppnents of ' 
digester gas^ after gas production hds- b'ecoiae 
well established? " . 



^1' -\ 



Ms 



8.12B IVhij^are some usear of digester gas^, 

8*I2C m\y must the digester gas be 'CQhtl*olled with - 
' extreme c;aution? . ' • ~ V'**^ 




10 



Positive Pressure* A .positive . pressure'^is a pressure jgreater 
than atmospheric* ' It is measured as pouijds per square inch 
(psi) or as inches of water columji* A iiegative pressure 
(vacui^m) is, less than atmospheric ^and is sometimes, measured 
in inches' of mercur>^J . • . • 
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T.Y-PICAJ4|£iL0W ANDJIjisTALLATlON DlAGPfAM 

MUlTIPl^S>DIGESTER*GAS SYSTEM . 




FULL SIZE, I7"X22" PRINTS. 

OF THIS SCHEMATIC ~ ' 
AVAILABLE ON REQUEST 



This sch^maXic is for general guidance purpos^' 
only ond is not intended to represent o specific de^'sign 



Fig. 8.5 Digester gas systerh 
- Courtesy of\VAHEC 
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Pressure Heliet and Vacuum Relief Valves- ' * 
(Fig. 8.^, VhfS^C Fig. No. 5800-81) 

The pressure relief valve and the vadium relief valve fith are 
attached to a common pipe, but each woijks independent!^ The 
pressure relief valve is equipped, with a seat and weired with ^ 
lead washer weights, ^ach weight is stamped with its afuivalent' 
water coluntn height such* as r» H2O or H2O. . There Jhould be 
sufficient weights, combined «with the weight of the pafjfet, to 
e^ual ^he designed holding pressure of the ^tank. The l|i pressure 
^ is 'normally established between six inbhes and eight in^es of 
water. If the gas pressure the tank exceeds the pop-bff setting, 
then the valve will open and vent to , the atmosphere for a couple 
of minutes, through the pressure relief valve. This should ocbur 
before tbe water seal blows out. The water seal can be broken 
when a tank is overpumped or gas removal is too. slow. 

The vacuum relief valve operat^b similarly to the pressure relief 
valve except that it relieves negative pressures to prevent the 
tank from collapsing. Operating of 'either one of these valves is 
undesirable, because this allows ^the mixing of digester gas with 
air and can create an explosion outside the tank if the pressure 
relief valve opens and inside the*^tank-if the vacuum relief opens. 



♦ 4 



W/ARNING 



ClO\M ^12 AMP UVf^G^ UM) T^} ■ ' f i 



These, two valves should be| checked at le'ast every six monthl 
proper operation. 



for 




g'. U Water ^dlumn' Height. Wn pressure builds up in a digester, 
; the gas pressure would force water up a tube'of water connected 
\to. the outside of the digester. • The higher the water column 
?'^^eight, th6x greater the gas pressure.- ^ 



V 



hi 



1 n y 

J- «-/ .J 



4 



PRESSURE ItELIEF AND 



VACUUM BREAKER VALVE 
WITH FLAME ARRESTER 

■for Use on Dicjesters and das Holders 

The "Varec" Figure No. 5800-81 unit consists 
of a Figure No. 2000-81 Pressure Relief and 
Vacuum Breaker Valve and a/Figure No. 50-91 
Flame »Arrester. Maximum protection against ex- 
cessive pressure and vacuum as afforded and acci- 
dental ignition of sludge gas within the digester 
and gas holder from external sources is eliminated. 

Valve y light weight /and corrosion fesistant 
dbnstruction. interior pap are readily accessible / 
for inspection and maintenance purposes. Pallets / 

^ are dead weight loaded and include replaceable 

^ • / 

synthetij rubber sludgi gas resistant seat inserts 

to insure ^s tight seating and long life service 

, with minimum maincenance. Seat' rings, pallets 

and guide posts are anodized for extra, corjrosion 

prptection and are removable. 

Flame arrester consists of a flame arrestfng bank 
assembly enclosed wjthin a gas-tight housing. The 
bank consists of a multiple number of individual 
corrugated 3ramped sheets and is readily \emov-^ 
able from the housing for inspecnon and cleaning 
purposes. The arrester is listed by Underwriters 
Laboratories and is approved by Associated Fac- 
tory Mutual Laboratories. 
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FIGURE NO. 5800-81 

o 

SEHINGS 

Valves >are furnished with variable pressure 
settings from 2" to 10'^ of water in increments of 
l" of water. Vacuum setting is 2" orf water unless 
otherwise specified. , 

STANDARD MATERfALS OF CONSTRUCTION 

ValW is substantially aluminum (impervious " 

V 

to the attack of sludge gas) throughout except 
for synthetic rubber pallet seat inserts and ateel 
' studs» nuts and* screws. 

Flame arrester l?ank is all -aluminum arid the 
housing consists of cast aluminum ends and cast 
iron side and cover plates. Gaskets are graphited 
asbestos. 



C. Flame Arresters (Fig. 8.8, VAREC Fig. No. 4S0) 



■I . 



A typical flame arrestor is a rectangular box holding approximately 
SO td 100 corrugated aluminum plates with punched holes. If f -flame 
should develop, in the gas li-ne, it would be cooled below the ignition 
point as it attempted to. pass through the baffles, but gas- could flow 
.through with little loss' in pressure. , 



«To prevent- explosions, flame arrestors should be installed: 

!• Between vacuum and pressure relief valves and the ♦ 
digester dome. 

2.. After *X#diment trap on gas line from digester. * 

3. At waste gas burner. , » 

- ^. Before every boiler, fumace,^^oj flame; 

Flame arrestors should be serviced- every three months by 
valving the gas^ .off, pulling one end plate, and sliding 
the baffle cartridge out of the housing. A build-up of 
^scale, salts from condensate, and-residue build-up^ on the 
''plates restricts gas flow. . ' ^ ' . ^ 



The cartridge in the flame arrestoi; is designed to slide open so 
tfte baffles may be separated and wasHed without complete dismantling. 
When the unit is reassemble^d it should be -tested for leaks by swabbing 
a soapsuds solution over potential leaky areas and inspecting for 
bubbles. . * . 



D. Thermal Valves. 

Another protective device installed near a flame source and near 
^ the' gas dome is. the thermal valve. This valve is round, with a 
'weighted seat attached to a stem. .The stem sets on a fusibl^ disk 
holding the seat up. If enough heat is generated by a flame, the 
fusible element melts and drops the s.tem and valve seat to cut .off 
gas flow. .Most ^alves are equipped with a wing nut on top of the 
valve body. If^jthe wing nut is removed, it uncovers a glass tube 
which shows visiiklly if the stem is up. If the stem cannot be seen, 
^ -then the valve is clos^^d, and no gasv can flow. If this occurs, the 
* valve is removed and heated in boiling water to remove the melted 
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• • ♦ 

fusible slug;*' Anew slug is installed (slightly larger thlSTan * 
X aspirin tablet), the stem replaced on-top of i*t, and the valve is \ 
ready for Sifervice, .These valves should be dismantled at l^east :% 
once a yea!r. in order to be positive that the stem is free to fall 
and not g;iumned up with residue or s^le from the gas. 








Figure §^.9 (VAREG Fig, 'No, 440) shows b, fl'ame arrestor connected 
to a pressure relief valve,^ • * ^ 
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* * * ' QUESTIONS * ^ ^ 






« 


84 12G How would you service a flame arrestor? • 

* 






c • 


8,12H Why should you check the the^fbial valyes at least 
once a year? ' ^ J' 
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FLAME TRAP ASSEMBLY 




FIGURE NO. 450 



Assembly consists of "Vucc ' Tlamc Trap Fig No 
53-81 and Thermal Operated Shutoff Vahc Ttg. No. 43O. 

It IS usually installed in all gas lines to gas utilization 
ecjuipment, as' close as possible to the points of com- 
bustion, and/ in lines leading from each digester and 
gasholder May be installed in either horizontal or 
vertical pipelines. ^ 

At^s designed to arrest and stop flame propagation 
and to stop explosion wa\es. thus insuring protection 
of major equipment ' ' 

FEATURES ' > 

Simple and positive flame trap. The fusible element 
melts at 260* and stops gas flow within 1 5 seconds. 
Compression type fusible dement prevents shutoff valve , 
closing unless contacted by flame. Three extra fusible 
elements shipped'with each unit. 

Since this unif'is'manufactured of aluminum, it resists 
the attack of any of the corrosive elements commor\ 
to sludge gas/ 

Indicator rod shows when valve is in normal open ' 
position. 

The ''VareV* Flame Trap, Fig. No. 53'HI of \his unit 
;is IBtcd^y the Underwrftefs' Laboratories and approved 
by Associated Factory Mutual Laboratories, 



Net free area through flame arresting &ank is approxi- 
mately fou> times copre?ponding pipe size. Each passage- 
way has a net free area of approximately 0.042 sq. inches. 
By actual te^ these units have qiore flow c<ipacity with 
kis pressure drop than any known contemporary device. 

, Flow capacity curves are shown^n the following page 
to assist in selecting the correct sue of equipment. 



Flame Trap element' is easy to inspect and clean. It 
has good vertical and horizontal drainage. Drip Trap 
connection is provided in cise Unit is installed at- low 
point in line . , ^ 



MATERIALS OF CONSTRUCTION 

Flame Trap Housing ~ almninum and cast iron 
Flame Tra^p Element — aluminurn 
Thermal Valve Body & Cover — aluminum 

^ Guide Stem — stainless steel 
Sight Glass — pyrcx * * . « ' 

Co\cr and cap gaskets - graphited* asbestos 

. Sight |lass gasket - synthetk rubber 
^ Spri^— seamless steel ^ ' . " 
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PRESSURE RELIEF AND f LAMI. TRAP ASSEMBLY 



r 




{ 



FIGURE no; 440 



Assembly consists of '-'Varec" Figure No. 386 Back Pressure 
Regulator, a "Varec" Figufe No. 5 J*81 Flame Trap and a 
Thermal* Shutoff Control .unit. ' 

It is usually installed in the wasie gasiinc, just upstream 
of the waste gas burner. 

It is designed to maintain a predetermined back pressure 
thcoughout the gas system so that only surplus gas is wasted, 
and to stop flame and explosion waves. 

. FEATURES . 

Simple, foolproof, sensitive in operation and a positive^ 
flame trap. The fusible ekmeht melts at 260T. and stops 
' gas flow within 1$ seconcls, Compression type fusible element 
prevents shutoff valve closing unless contacted -by flame. 
Three extra fg^ible elements supplied with each unil, 

Sinc6'' the/ main bodies ^of the unit a^e consj^ructed of- 
aluminum atid the stems,' needle valve, and other important 
moVing parts ara of 18.8 stainless steel, this uftit resists the 
attack of any~T)^-the rorrpsive elements common to sludge 



^ The *'Varcc" :Flamc Trap Fig. No. 53-81 oful^s unit^is ^ 
listc<| 'by the Underwriters' Uboratories and apj^bved by 
As^iated Factoty^Mutyal Laboratories.' The Flame Trap 
, elcdienl is^easjr to inspect and cle^n. Drip Trap connection 
t js provided in ca§e unit is installed at a 'low f>oint in line.* , 

Net free area* through flaitic arresting .bankvis' approxi- 
mately four times corrcsponding.pipc size. 'Each passageway 



has a net free area of approximately 0.042 sq. inches. By 
actual test these units have more flow capacity with l^!s^res- 
sure dropfhan^any fcn{)wn iContempoVar'y devicer'' 

Flow caj>acity curves are shown on the following page to 
assist jn selecting the correct size of equipment. ^ 
^ Th^Back Pressure Regulator unit is equipped with,setting 
indicator so operator can easily adjust setting to requirements. 

RArsTGE OF OPERi^TiOlsi 

l('apge of. operation is 2 to 12 inches water. Special springs ' 
available fpr higher operating pressures. Equipment supplied 
by factory set at 6 inches of water if not specified otherwise.. 
Opcrilor can adjust t^his requirements. \ 

; MATERIALS OF COriSTRU€TION | . 

Relator Body — cast aluminum ' 
Diaphragm Case — ca^ aluminum 
Bonnet — cast aluminum ' 
/ Spry[ig Cadmium-plated *st^el * • 
' Diaphragm — corded synthethic rubber » 
Cap — brass ^ ^ = , ^ 

Xhermal Shutoff Valve — aluminum, brass & stainless 
• steel « 

Flame Trap Housing — heavy c^t Aluminum ends and 
0 . cast iron side and cover plates 
Flame Trap Element 7- aluminum 
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E, Sediment Traps • * 

A sedimenf.trap is a tanlv*2 to 15 inches in diameter and two > 
• to three feet in length. It is usually located , on top o*f the 

^ digester n^ar the gas dome. ^The inlet ^as line *i5 near the top 
of the tank and on the side. The outlet line comes directly from 
the top of the sediment tank-^ The sedimeitt trap is also equipped 
with a pel^f orated inner baffle, and a condensate drain near the 
'bottom. The gas enters the side at the top of the tank, parses 

.down' -and through 'the baffle, th^n .up and out the top. Moisture 
is collected from the gas in the trap, and an>;. large pieces of 
scale are trapped before entering the gas system. The trap should 

-be drained of condensate frequently but may^have to be drained twice 
a day during 'cold weather, 'because greater amounts of water will be 
condensed. ' > * • ' * . " 

F;- .Drip Traps--Condensate Traps 

\(Fig. S.iO.VAREC Fig. Nos. 245 and 246) 

.eigester gas is. quite wet and in' traveling from the jieated'tank to 
a coolex temperature the water condenses. The watfer must be trapped 
at low points in the system^and removed; 'or it will impede- gas flow 
and cause da/hage to equipment, such as compressor^, and interfere 
with gas utjlizatioji. Traps are usually constructed to-hav^a storage 
space of .one to two quarts of water. All drip traps on .gas lines 
should be located in the open air and be of the manual operation type. 

.Traps should be- d^raijied a-t least- twice a day and possibly more often 
in cold weather. Automatic drip traps are not recommended'because 
many automatic traps are equipped with a float' artd needle »valve 
orifice and-corrcJsioji,' sediment, or scale in, the gas system can keep 
the needle from seating. The resulting leaks may create gas concen- 

. tratiotis with a potential-hazard to life and equipment. 

*■ ' ' . " 

« . * • ' ' *■ 

G.^ Gas ^Meters ' ' - 

Gas meters may be oft'-various types, such as ■ bellows^ ,diaphra*gm, • " 
shunt flow;, propeller, and orifice plate or differential pressure\ 

They are described ip detail in the metering section of Chapter IT 

Maintenance. : ■ . ■ i 



H. Manometers 

Manometers are installed at several locations 'to indicate gas pressure 
within the system in inches of a watfer column. 
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I.- Pressure Re^gulators (Fig. 8.11, V'AREC Fig. No. 387) 

• * * * 

* P«reSsure regulators are typically installed next to and before the 
waste gas burner. Such regulators are usually of**the diaphragm 
type and control the gas pressure on the whole digester gas system. 
They are normally set at -eight inches of water column by adjusting 
the spring tiension on the diaphragm. IVhenever an adjustment of a 
pressure setting is made, check the gas system pressure with a 
manometer for tfie proper range. If the gas pressure in the system 
j.s below eight inches of water column, no gas flows to the waste 
burner. When the gas pressure^ reaches eight inches pf water column, 
the regu>ator opens slightly, allowing gas to flow to the burner. 
If .the pressure continues to increase) the regtilator opens further 
to compensate. The only maintenance th'is unit requires is on the 
thermal valve on the discharge side which protects the system from 
back flashes." This unit is spring loaded and conti'olled by a fusible 

Element that vents one side of the diaphragm, thus stopping t]\e 
gas flow when heated. Maintenance includes checking for proper 
operation of the regulator and of the fusible element. Gas 
regulators are also placed at various points in the system to. 
regulate the gas pressure to boilexs, he'atBrs, and engines. Diaphragm 
conditions in the regulators should be checked at periodic intervals. 



J. Waste Gas Burner '(Fig. .8. 12) 

Waste gas burrters are used to bum the excess gas from the' digestion 
system. The waste gas burner is equipped with a continuous burning" 
pilot flame, so that any excess gas will pass through the gas regu-' 
lator and be burned. The pil(ft flame should be checked daily to be 
SUM that it has not been blown out b^ wind . If .the pilot is out, 
gas\/ill be ventjsd to the atmosphere creating an odorous and 
potentially explosive condition. 

\ 

^ , , QUESTIONS _ . 

8.121 How frequently should you drain. a sediment trap? 

8.*'12J \Vhy must drip oV condensate traps be installed* in 
gas lines? 

8.12K What is a , deficiency in automatic drip and conden- 
sate traps? - ' ^ 

8.12t How would you adjust the gas pressure of the digester ^ 
gas system? 

8.12M 'Why should the pilot flame in the waste ^as burner^ 
be checked daily? 
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DRIP TRAPS 



Automatic 



V Varec Drip Traps are for collection and safe 
removal of condensate from gas hnes and equip- 
meni* Drip traps should be installed at all low points 
m gas pipe systems where condensation will collect. 

Thfe Varec Figure No/245 Aiitomatic Drip 
Trap employs a float operated needle valve which 
automatically drams off collected toadensate. ThiV ' 
feature is particularly desirable where^a closed dis- 
charge to drain is p^mis.sible»and wherecondensate ^ 
occurs too frequently for manual operatioi^ • ^ 

Standard '^onstrticfion is alum.- body and cover, 
stainless steel ball >float and needle valve ass.embjy 
and -graphited asbestos gasket. Available with l/2''> * 
NPT connections. 




FIG. UO. 245 AUTOMATIC 



Rotating Disc Type ' 

The Varec 'Figure No. 246 CJrip Tfap is manu- 
ally operated. Handle rotltes disc from open miet 
position to drain position. Ports and disc' are so 
arranged that«gas cannot escape regardless of -disc 
position. Both ports an'd shaft are 'positively sealed 
by synthetic rubber pings. Vent ho'e'»s provided 
to allow inflow of air to bowl while'drl^iiirrngr.....^,^. 

Standard construction is cast aluminum bowl 
and handle. Alurpinum cover plate and disc are 
anodized. Other working parts are stainless sjeel. 
Heavy duty construction throughour.^ Available in 
2V2 quart capacity with TJMPT connections. 
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FIG; NO. 246 
ROTATING DISC TYPE 



\, BACK PRESSURE 
REGULATOR 
SINGLE POUT ^ 

The Figure/f^Jo. 386 Regulator \^-alve is dwigned to 
control upstream pressure in sludge cas' lines. Positive 
shtit-off as well as accurate control is provided. Pointer 
type indicator, in weather-proof bonnet, facilitates set- 
ting adjustmenl. No weights of dismantling necessary 
to make adjustment. , ^ - - , 

Valve^is the single port type operated by a spring loaded 
diaphragm. . * — • ' \ 

Setting range is 2" W.C. tp U" W.C. as standard. Higher 
settings available (20^ W.C.-maximum) on special order 

MATBRIALS-OF CONSTRUCTION: 

Hcavy^ cast aluminum valve body, diaphragm housing 
and 'pallet, stainless steel op^-rating shaft, heavy cocded 
synthetic rubber diaphragm and cadmium plated steel 





FIGURE NO. 386 



PRiSSURE (REDUCING) 
REGULATOR 
SINGLE' PORT 



The Figure No. 387 Regulat'or Valve is designed to 
control downstream pressure in sludge gas lines. Posi- 
tive shut-ofF as well as ^ccurate control is provided. 
Pointer type indicator, in weather-proof bonnet, facili- 
'tates setting adjustment. No weights or dismantling 
necessary to make-*d|ustment. " , 

Valve is single port type operated by a spring 'loaded 
diaphra'gm. 

Setting range is 2" W.C to 12" W.C. as standard. Higher 
settings available (20* W.C. maximum) on speciaJ order. 

MATERIALS OF CONSTRUCTION: ^ 

Heavy c^st aluminum valve body, diaphragm housing 
land pallcft, stainless steel x)perating shaft, heavy corded 
/synthetic rubber diaphragm and cadmium plated steel 
spring. 




FIGURE NO. 387 
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GAS PIPING SCHEMATIC 

' ENCLOSED INSTALLATION 



VAREC FIG.70-81 EXPLOSION RELIEF VALVES 



VAREC 
WASTE GASlBUSnER 
^•>FIG. ^ 



BUILDfNG 




sVAREC 
FLAME CViECK 
FIG 52 



) 



^ VAREC 
3 UNIT MANOMETER 
■FIG. 2U7 • 



VAREC 
PRESSURE RELIEF a 
' FLAME TRAP ASSEMBLY 
-FIG. 4 40 




VAREC 
REMOTE COVER 
POSITION INDICATOR 
FIG. I'02 ■ 




VAREC 
FLAME CHECK 
FIG.52- 



GAS SUPPLY 
TO. LABORATORY 

VAPEC 

i \ — PRESSURE REDUCING 
} \ REGULATOR -FIG. 387 



-BUILDING 



SLOPE 





GAS SUPPLY TO' 
SERVICE EQUIPMENT 



VAREC 
FLAME TRAP 
,ASSEMBLY-Fia450 



PILOT Supply Ta ' ' 

WASTE GAS' BURNER 



'NOTE-INSTALL -DRIP TRAPS AT ALL LOW P01NT§ 



VAREC 
DRIP TRAP ^ 
FIG 245 OR 246 



VAREC 
' DRIP TRAP 
FIG. 245 OR 246 



• GAS SUPPLY FROM • 
^ DIGESTER ' 



VAREC 
SEDIMENT a DRIP TRAP 
ASSEMBLY- FIG.aST. 2I8> 246 



PULL SIZE \Ty^Zt PRINTS 

Of THIS SCHEMATIC 
A>/AIUABL^ OfJ REQUEST 



■f 



This schematic is for' general guidonce, purposes 
only and 19 not intendftcf to represent a specif ic 'design 



203 



Pig. 8,12 Wa^te'gas burner 
Courtesy of VAI^C 
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8^3 Sampling We'll (Thief Hole) 

(Fig. 8.13, VAREC 'Fig. Nos. 42-8l"ancl 48,81) 



The sampling well consists^ of a 3- or 4-inch pipe (kth a hinged 
: seal cap) that goes into the digestion tank, through the gas zone, 
and IS .always 'submerged a foot or so into the digester sludge. 
^ This permits the sampling of the digester sludge without loss 'of 

digester gas pressure, or the creatiop of dangerous conditions 
' caused by the mixing of aif and digester gas. However, caution 

must, be used not to breathe gas which will always he present in • 
the sample. well and-wiil be released when first opened. Asampling 
well .is sometimes referred to as a ;'thief hole". 

• 8*'}'4 pigestex .Heating . ■ " ' ^ 

D-igesters.-can be heated in s.everal ways. Newer. facilities typically 
provide digesters that are heated by recirculating the digester sludge 
through an external. hot water heat exchanger. Digester gas is used 
to fire the boiler, which is best 'maintained between 140 and 180°F 
.for proper operation. ,The hot water is then pumped from the boiler 
to the heat -exchanger where it passes, through one jacket system 
while the recirculating sluage passes through an adjacent* jacket 
picking up heat'from the hot water.. In some units the boiler and 
exchanger are combined and the sludge lalso is passed through the unit. 

Circulation of ISO^F watet through pipes or heatu^'^oils attached 
• - / ;?? the ^inside wall of the digester is ai>other method of heating 

digesters, although nat too coimuon in newer plants. This approach 
" creates problems of cooking sludge on the pipes and insulating them, 

^ , ^""s reducing the amount 'of heat transferred. Some facilities use 

submerged conjbustion of the gas with heat exchange between the hot 
gaseous products evolved and the liquid sludge. , • 

, Other plants inject steam directly into the digesters for heating • 

The steam is produced in separate boilers or is recovered in connectioT 
with vapor phase cooling of engines. Careful treatment of the 
evaporated water to prevent scaling of the system is necessary so the 
practice -is generally confined to plants with "good laboratory'control. ' 

* ; . , . - « • * 

\ 

QUESTICMS " . ' ■ 

,H ' ^'12^ Why should a digester have a special sampling* well? 

. . 8, l/JA What causes a reduction in the amount of heat trans- 

^ f erred from coils within the digester? * ■ v 
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SAMPLING HATCH or 
HAN DHOLE COVER 

Non-sparkjng * Gas-tight 

%*'\ • * 

, ' VAREC Sampling Hatches or Hand- 
hole Covers are fqr use on digester covers 
or roots. Insurance requirements are com- 
plied with ia that this equipment is 
non-sparking^^ self-dosing, and gas-tight. 
Constructionriis non-corr^sive i^ sludge 
gas service. . * . ' ^- , 



Figure No, 42-81 incorporates a standard 
125- lb. A.S.A. flanged base for mounting. 
It is of extra heavy construction, basically 
of aluminum throughout. Specialty features 
are included such as a safety foot pedal for 
quick operving, a hand wheel which may be 
* padlocked closed, and a synthetic rubber 
insert in cover to insure a gas-tight seaL 



Figure No. 48-81 is substantially sSame as 
Eigui-e Nd. 42-81 in that it includes all the- 
specialty features and is of same materials 
of construction. However, the base is for 
-Standard Pipe Thread mounting. ^ 



Above photo shows simplicity 
. » of operation 




Figure No. 42-81 
Flanged Base . 



Figure No. 48-81 
Screwed Base 
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8.15 D igester Mixing 
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Mixing is very important in a digester. The ability of the^^^ixing 
equipment to keep the tank completely mfxed speeds digestion%reatly . 

\ Several important obj'^^^^iives 

^ \ are accomplished in a v3^^.1^ 




mixed digester. 



Inoculation^^ of the raw^ 
sludge immediately with ' •« 
microorganisms. 

Prevention of a scum . 
blanket from foming, ' 

Maintenance of homogeneous 
contents ^within the tank, 
including even distribution 
of -food, organisms, alka- 
linity,' heat, and waste 
bacterial products. 

Utilization of as much of 
the total contents" of the 
digester as possible and 
minimization of the build- 
'up of grit an (f inert soTids 
on the bottom* 



A. Gas Mixing 

This type of mixing is the most generally used in ^recent years, and 
various .approaches have been patented by manufacturers. Gas is pulled 
frpm the tank, compressed,* and discharged through gas 'outlets or orifices 
within the digester, or at some point several feet below the sludge 
surface. The gas rising to the. surface through the digesting^ sludge 
carries sludge with it creating* a gas lift with a rolling action of 
the taM contents. , The gas mixer may be operated on either a start 
and stop or a continuous basis, depending upon t'apk conditions. The 

, components' required for gas mixing include inlet and discharge gas 
lines, va positive displacement compressor, and a stainless steel gas 
line header in the digester. The gas header is' equipped with a cross 
arm to hold a specified number of , gas outlets, and may be mounted in 
a draft tube,. The gas compressor is sized far the digester and may 

• range from 30 to 200 cfm of gas. 



^2 Inoculation (in-NOCK-you-'W-shun) 
culture into a system, N 



Introduction of a seed 
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Work with "natural gas evolution** mixing at the I,os Angeles County 
Sanitation District 's plants has indicated that loadings of pyer< . 
0,4 pounds 6f volatile solids per cubic foot per day were possible, 
but that if the loading dropped* below 0,3 pounds immediate strati- 
•fication occurred. In terms of gas recirculation, adequate mixing 
has been calculated from this study to be of the order of 500 cfmv 
(cubic feet per minute)' per 100,000 cubic feet of tank capacity 
if released at ^out^.a 15-foot depth. If released at a 30-foot 
depth, about 250" cfm per 100, OOO cubic feet of tank capacity should 
be satisfactory. If hydraulic processes are used, either by re- 
circulation or by draft tubes and propellers, then something like 
30 HP per 100,000 cubic feet of tank capacity is required. 

Maintenance requires that the condensate 'be drained from the lines 
at least twice a day, that the diffusers^be cleaned to prevent. high 
discharge pressures, and that the compressor unit be 'properly lubri- 
cated and cooled. 



' ' QUESTIONS . . ^ 

8.15A , Why should a digester be kept completely mixed? 

8. 15B What maintenance^is necessary for the^ proper 

operation of digester mixing by the^ use of gas-? 



B. Mechapical Mixing . ^ 

Propeller maxers are found mainly on f ixed , cover digesters. Normally 
two or three Vo^ tlvese units are supported from the roof of the tank 
wit^i the props, subfnprged 10 to 12^ feet dn the sludge/ An electric 
motor drives the propeller stirring the sludge. 

Draft tube propeller mixers are either single or multiple unit 
installations.^ The ^tubes are of steel "and range from 18 to 24 • 
inches in diameter/ The top of th| draft tube has a rolled lip 
and is located approximately 18 inch.es below the normal water level' 
df the tank. The bottom of the draft tube^^may be straight or 
equipped with a 90*'' elbow. The 90"^ elbow type is placed so that 
the discharge is along tha- outside wall of the tanb to create a 
vortex (whirlpool) action. 

The electric motor driven propeller is located about two feet 
below the top of the draft tube. This type unit usually has 
reversible. motors so the prop may rotate in either direction. 
In .one direction the contents are pulled from the top of the 
^ digester and forcedf down the draft tube to be discharged at the 
bottom. By operating the motor in the opposite direction/ the 
digested' sludge is pulled from the bottom of the tank^ and dis- 
charged over the top of- the draft tube to the surface. 

If two^ units are in the same tank, an effective operation for 
breaking up a scum hiaijket is operating one unit in one direction 
and the other unit in* the opposite direction, thereby creating a 
Rush-pull effect. The draft tube units are Stibject to shaft bearing 
failure due to the abrasiveness' of sludge, and due to corrosion by , 
hydrogen sulfide (H2S)" in the digester gas. Maintenjance^ consists 
of , lubrication and, if belt-driven, adjustment of b'elt tension. 

A limitation of draft tube>type mixers is digester water level.- If 
the water level is maintained at a constant elevation, a scum blanket 
forms on the surface. The scum blanket may a thick layer and the 
draft will only pull* liquid sludge froij under the blanket, not djis- \ 
turbing it. Lowering the level of the digester to just three or four 
inches over the top of the draft tube forces the scum to move over 
. and down the draft tube. "This applies mainly. to single direction 
mixers. ^ ^ • , ^ , 

. * V • T 
funys are sometimes \ised to mix , digesters. * This method is common 
in smaller tanks, IVhen external heat^ exchangers are employed,^ a 
larger centrifugal pump is used to recirculate the sludge and dis- . 
charge it back into the digester through one or two directional \ 
nozzles at the rate* of 200 to 1000 gpm.* 
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The tank may or may not be equipped with a' draft tuh\ such tT\al:, the 
pun^ suctiotv. may be frqm the top or vaiye'd from the.-bottom ^qjf the, ^ 
digester. Controd of scum blankets with this method of. mixing is' 
dependent upon how the operator maintains the sludge "level and 
where the pump is pulling from and discharging to the digester. 

Maintenance of the pump requires normal lubVicat^n and a good pump', 
shaft sealing water system.^^ The digested sludge/is abrasive 'and 

pump packing,, sjiafts, wearing 
rings, and^mgellers are rapidly- 
worn. Another probleta associated! ' 
uth pump mixing is the clogging ' * 
of the pump impeller with rags, ^ 
ruM)er goods, and plastic ma^terial. 
A pump may run for days' not pump- 
ing aue ifo clogging because the 
operator was not checking- the v 
equipment for proper operation, • * 

Pressure gauges should be 
installed on the pump suction ' 
and discharge pipes. When a , / . 
gauge readi^vg different than 
pormal occurs, the operator has ^ ^ 
^an indication that some condition 
has changed that requires checking. 




QUESTIONS 

8. ISC How would you break up a scum blanket in a digester 
with two or more draft tube propeller mixers? 

8.15D ^ Why should pressure gauges be installed on mixing 
piunp suction and discharge lines? « 



END OF LESSON 2 OF 5 LESSONS 
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SLUDGE DIGESTION AND HANDLING 



CHAPTER 8. SLUDGE DIGESTION AND HANDLING 



(Lesson 3 of 5 Lessons) 



8.2" OPERATION OF DIGESTERS 




A digester can be compared >d.th your own body, 
Both require food; but if feXtoo much, both 
becojne upset. Excess acid will upset both/ 
Both* like ,to be Warm, with a body temperature' 
of 98. 6^? near optimxim. Both havk digestive 
processes that are similar. Both ais charge 
liquid and solid waste. Both utilize, fpod 
for cell reproduction and energy. If Some- 
thing causes upsets in a digester, justVhink 
how you would react if it happened to ^youK ^ 
and recall what would be the proper remedy \^ 
The remedies for ^curing upset digesters will 
be discussed throughout this chapter. t 



8 . 20\ Raw Sludge and Scum 



I^aw sludge is normally composed of solids 
settled and removed from the primary and 
secondary clarifiefs. Raw sludge contains 
'bohydrate^,, proteins, and fats," plus 
;anic and inorganic chemicals that ar 



car 



are 



organic and inorganic chemicals , 

added by domestl^and industrial uses of water. 

Solids are composed o^ organic (volatile)^ and inorganic material with the 
volatile content running from about 60% to 80% of the total, by weight. 
Some plants do not have grit removal equipment; .so the bulk of n:he 
inert (inorganic), material such as sand, eggshells, and other debris 
will end up on the bottom of the digester occupying active digestion 
space. The rate ctf debris accumulation is predictable so that the 
amount is a function of the period of time between digester cleanings. 
Where cleaning has been neglected, a substantial portion of the, active 
volume of the digester becomes filled with inert debris. Scum-forming 
products, such as kitchen grease, soaps, oils, cellulose, plastics, 
and other floatable debris, are generally all organic in nature but 
may create problems if the scum blanket in the digester is not con- 
trolled. Control is by providing adequate mixing and heat. 

Several products. end up in the digester that are not desirable because 
the bacteria cannot effectively utilize or digest them, and they cannot 
be readily removed by the normal process. These products include! , 
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^1;' petroleum products and mineral oils ' 

^^2. !rubber goods 

5. plastics (back sheets to diapers) ' 

'./^ 4.c' filter tips .from cigarettes 

. ^ S. hair ' ^ • 

, 6. grit (siand and other inorganics) , . ' 

Consequently, .these items tend to accumulate in the digester and, 
without adequate mixing, may form a hard, floating mat and a sub^ 
stantial bottom deposit. Ob the other hand, a well-mixed tank m?y 
^so present operational problems. For example,, the material 
shreddfed by"a comminilter or .barminuter may become balled' together 
by the miking action and plug the digester supernatant lines. 

Scum from the primary clarifiers is comprised mainly of grease and . - 
^ther floatable material. It may b,e collected and held in a scum 
box -and then pumped to the digester once a day, or it may be added ' 
•continuously or at a frequency necessary to maintain the proper 
removal of scum from the raw wastewater flow. Many operators prefer 
hot to pump scum to the digesters, but to dispose of it by burning or 
burial. Scum may also refer to the floating and gas buoyed material 
found on thesm-face of poorly mixe^d digesters. This material may 
con-tain Til^X!^^^^eJaulose , rubber particles, mineral oil, plastic, 

, and other debris>^ It may become 5 to 15 feet thick in a digester, 
but should not occur in a propej*Jy operating digester. A thick* 

. scum laye'r will reduce the active digestion capacity of a digester. 

8.21 Starting a Digester 

When wastewater solids are first added to a-new digester, naturally 
.occurring bacteria atUack .the most easily digestible food available, 
such as sugar, starches, and soluble nitrogen. The anaerobic acid 
producers change these foods into organic acids, alcohols and 
•carbon "dioxide, along with some hydrogen sulfide. The pn'of the ^ 
sludge drops from 7.0 to about 6.0 or Iqwer. An " acid regress ion 
stage"! 3 .then startsf and lasts as long as six ito eight weeks. — ixTring' 
this.-tim^e ammonia .and bicarbonate compo^ds are\formed, and the pH 
.gradually increases to around 6.8 ^gain, establishing an environment 
for the.mbthane fermentation or alkaline fermentation phase. Organic 
acids are 'available to feed the methane ferm,enter5% Large quantities 
of methane ^as are produced' as well as carbon dioxide, -Lid the pH 
.increases to ,7..0 to 7.2. Once alkaline fermentation is'well estab- 
^^Oished, s.trive to keep the digesting sludge in the 7.0 to 7.2 pH range 

, ■ ^ .,// ■ ■ 

Acid Regression Stage; A time period whefi the production of 
volatile acids is reduded. During this' stage of digestion 
ammonia compowids form and causae the pH to increase. 
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' ' \ / ; 

If too much raw sludge is adde^ to the digester.^ the acid 

fermenters will predominate, driving the pH down and creating an 
undesirable condition for the methane fermenters. The digester 
will go SQur or acid again,. When a digester recovers from a sour 
or acid condition, the breakdown of the vola.tile acids and forma- 
tion of methane .and carbon dioxide" is usixally very rapi^. the 
digester may then foam'or froth, forcing' sludge solids through 
water seals and gas lines and causing a fairly serious operational 
proJ)lem. A sour ^digester usually requires 30 to '60 days to recover 

"As note^ at t;he beginning of this sectiofi/- the first group of 
organisms must do its part before food is available to the^next 
group. ,Once the balance is upset, so is the food cycle to the - 
next group. \Vhen the tank reaches t;^e methane fermentation phase, . 
there is sufficient alkaline material to^buffer the acid* stage and' 
-mairrtairv the process • Operational actions such as poor mixing, 
addition of excess food, excfess water supplied to dilute the alka- " 
line buffer, over-drawing digested sludge, or. improper temperature 
changes can cause souring again • ' ' ' 

The simplest way to. start a digester is with s^d sjpdge (actively 
digesting material) f^om another digester. The. amount of seed to 
,use is dependent upon factors such as mixing' p'rocesses, digester 
sizes, an4 sludge characteristips^ but amounts between 10 arid *50% ' 
of the" digester capacity hav|^ been used, * 
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8.22 Feeding ^ * ' ^, • • 

* ^ - ^ , ■ ■ > ' 

Npood for the bacteria in the xitgfester is the s l-i^ge'" f rom the primary 
and secondary clarifier^, Xlake every effort to^^ as thick a 
sludge to thi digester -as j/fcssible. This may be jf\:omplished' by 
■hplding a blanket of sludge as long as possible i^i the primary elari- 
fier, long enough to allow sludge concentration, but not long enough 
for sludge to start rising. In some plants concentration is accom- 
plished in separate slUdge thickeningSor flotation tanks.' ■ ' 

Better opeMtioftaJ performance occu.^s when the digeistar is fed several 
times a dg^, rather than once a day because you are avoiding temporary 
overloads" on the digester and you are using ^our available spalre more 
effecj^ively. If the plant is produciiig "ofily 500 galfons of 6% sludger' 
a day, one feeding may be allowable; hovfsA^^ f or v6lumes much greater 
than 500 gallons a day, se.veral pumpings ^Tday-^hould be used. -Riis 
not only helps the digestion processF, but maintains better conditions' 
in the clarifiers, permits thicker sludge pumping, and prevents coningi 

in the primary clarifier hopper. On fixed cover 'di.gesfecs frequent . 

feeding spreads .the- return of digester supernatant- over the entire day 
instead of a return in one slug with possible upset of the secondary*^ 
treatment system. " Sludge is. usually concentrated by holding a thick 
blanket j)Ti the bottom of the clarifier; but»if ^^udge sets for a pro- ' 
longed period, lowest layers may stick to .the bot-tom anc} will no Jonger 
flow with the liquid. IVlien pumping is' -attempted, liquid flows but ' • 
solids^remain irt the hopper in a cone-around tht* Outlet. 

it is -riever desirable to pump thin sludge or watej* to a digester.' 
A- sludge is considered thin if it contains les^ than" 4% solids' *- 
(too much water);. Reasons for not pumping" a thip sludge include: ■ 

1. Excess watex requires more Kelt than 'may be *avai lable". 

■ • 2. Excess water reduces hplding time of the sajjdge in trfe dig&ster 



Excbss water forces seed and. alkalinity from the digester, 
jeobardizing the system du&.to ii\sufficient buffer^s for ' 
the\acids in the raw 'sludge. 



Coning (CONE-ing) . A condition that may be established in a shadge 
hopper during sludge withdrawal when part ;of the sludgfe moves toward 
the outlet whilte the remainder tends to §tay-'in^pjace . . Development 
. of a cone or channel of moving liquid surrpunde'd by .reJLatively . 
. stationary sludge. " ' ■•■*y 

J • — ■- . - ' 

Buffer. A -measure of the ability or capacity ctf a solution or liquid 
/ to neutralise acids or bases. Thi^ is a measiare of the capacity of 
water or wastewater for offerin| a resistance to changes in the .pH. 
Buffer capacity is measured by titration -yith standard dlkali and " 
acid until the pH reaches'.some reference- or end point (a pH of 4.S 
ojc 8.S). The higher the volume (ml) of known reagent requirements 
/the higher the buffer capacity. . " 



Che higher the buffer .^pacity 
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Sludge -concentrations above about 12% solids will usually not 
digest well ,ln. conventional digestion tanks since adequate mixing 
cannot be obtained,-. This, in tura> leai^s to improper distribution 
ofs^food, seed, heat, and metabolic prMucts so thaife^he souring 
and a stuck ^^ digester results. However, most pl^ts have diffi- . 
culty in obtaining a raw sludge of 8% solids. Where a trickling 
filter or activated sludge process is used as the secondary system 
, sludges may have a solids range from 1 to 3%, A good activated 
^sludge is 'likely to be oxidized t6 the ppint of negligible action 
' in, an anaerobic digester, ' / 

Feedirig a digester must be regulated on the ^basis of laboratory 
test results in order' to injure that the volatile acid/alkalinity 
reltaionship does not start, to increase and be tome, too high. See 
Section 8,*4B, 



QUESTIONS 



8.22A How would you attempt to pump'as thick a 
sludge as possible to a digester? 

8,22B Why should .sludge be pumped occassional ly ^throughout 
the day rather than as one .^lug each day?* 

8,22C IVhy should the pumping of thin sludge be av.oi-ded? 



J 



Stuck, A "stuck" digester does not decompose the organic 
matter properly. Some opera tprs refer ,*o it ^s c^stipated. 
It irj|:haracte^ized by low pr(^uction, high volatile acid/ 
allcalinity relationship, and poor liquid-solids,. separation^. 
A digester, in a stuck condition is sometimes'^cailed a "sour"- 
Jigester, , ^ ' 
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8*23 Neutralizing a SQur digester ^ ^ 

e recovery of a sour digester can be accelerated, by neutrafizing ' . 
the acids with a caustic material such as soda ash, lime, or ' ^ ' 
ammonia, or by transferring alkalinity in the ^form of 'digested 
sl-iidge from the sec^dary digester^ Such' neutralization increases 
'the\pH to a Jevel suitable for growth of the methane .fermenters 
and^rovi'des buffering material which will help maintain the required^ 
-volaltile acids/alkalinity relationship and pH. IVhen ammonia is added 
to_a\digester, an added load ^s eventually placed on the receiving' 
wate^.. The application of lime will increase th^solids handling 
problems. Soda ash is 'mote expensive than lime, tut dpesn't' add as 
much io the solids deposits. Transferring secondary .digester sludge 
has tl^e advantage of, not adding anything extra to the system ;that 
was npf there at an earlier^itime and, » if used properly, will reduce 
both xhe.. effluent load and the solids handling probleir; \ ^ 

I_L_dig^stion capacity, and available recovery tiije are great enough, 
'it. is Probably preferable to simply reduce loading ^vhile heating 
and mining So that natural recovery occurs. 'However, there are' 
^oft^en-^ondi^ions in which such neutralization is necesAry. 

When niutralizing a digester, the prescribed dose must.be carefully 
cal'culked. Too little win be ineffective, and too much is both 
toxic knd wasteful. Jn considering dosage with lime, the smalT 
plaint without laboratory facilities could use a*s a rough guide a"" 
dosage of abqjit one pound of lime added for every 1000 gallons of 
sludge to be treated.' Thug^, a 188,000-gallon digester full-of 
sludge would r^eive 188 pbundp of lime. A more accurate method iS" ^ 
t^dd sufficient lime to neutralize 100% of the volatile acids in 
the digester liquor. 
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In recent years^ several products containing "conmiercial" enzymes" 
or. other biocatalysts (BUY-o-ICAT-a-lists) have been marketed for 
starting digesters, controlling scum^ or simply to maintain bper- / 
ation* "Such biocatalysts or enzymes have never been shown to be 
effective in controlled tests and coOld, in fact, cause as much 
harm as good, A biological system ^ch as found in the digesters 
'develops a balanced enzyme and biocajalyst system for the conditions 
under which it i^ operating. The* quantities of natural enzymes ' 
developed within the digesta,ng sludge are many, >many times greater 
than any amount you could either add or affor^' to purchase. 



8,25 Foaming ' ' ' ' ^ ^* ' 

Lar^e amounts of foam may.b'^i' generated during start-up by the almost 
explosive generation of gas during the time of acid rec^overy. Foam- 
ing is the result o'f .active gas production* while solids^ separation 
has not p-rogresse<i far-enough (insufficient^ digestion) , It is 
encouraged \duriWg start-up by overfeeding, FjDaming can be prevented 
by adequate mixing of the digester contents before foaming starts* 

Bacteria can go t,o work very quickly when they Tiave the' proper 



environment. Almost overnight they can generate enough gas to 




create a terrific mess of black foam tod sludge. The foam not only 
plugs ga5 piping systems, but C€ia exert "^excess pressures on digester 
covers, cause odor /problems, and ruinpailiit jobs on tanks and build- 



in p,s. 
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Enzymes (EN-zimesJ , ~ Enzymes are substances produced by 
living organisms tjiat speed up chemical changes, ^ 
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\To clean up the mess-; first droj) the .level of the digester a ^ 
couple of feet by withdrawing sofiie supernatant. Next, cut off 
the gas. system and flush it with .water. Then hose the outside 
of the digeste^off as soon as possible or the paint will be 

^ staj^ned a permanent grey. Drain ^and refill the water seal to 
remove the water fouled by the foaming. Use a strainer type 
skimming' device to remove any rubber goods ancj/plastic materials 

♦ that have entered the water sealv^ 

'•To control-the foaming the best i;]6thod^ls to stir the tank gently 
to release as nuch of the trapped gas fron the /oam as possible, . 
Seme operators even stop mechanical mixing equipment and stir 
with long, woc'.ien pole^.* Try not to add too much water froir. the' 
^leaning^ hos'es' as this reduces the temperature and dilutes the* 
tank, which could create coriditions for more foijpiing later. .Do 
no^ fe^d the tank heavily-, preferable not at all, unti^l the fo.-imiog 
haa subsi^ded. - , | * 

roaming m^-y occur when ^* thick sludge blanket is broken up, tempera- 
ture changes radi:a:iy, or the sludge, feeding to the digester is 
increased. Avoid any conditions that give- the acid formers the 
ogportunity to p. oduce more food than the mejthane fermenters %in 
handle, because when the methafie fermenters are ready, they may 
work too fast.- ' . • 

If there had been adequate mixing,' foafning proTplema would not h^ve 
developed. Start nrixing'from top to bo'ttom of the tank before foam- 
ing starts, not afterwards?^ . • . • ' ' 



8.26 Ga$ Production 
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IVhen a digester is first' staVted, extremely odoroi^s gases arh produced, 
including a'number of 'nitrogen and sulphur compounds such as sk'atole, 
indole, mercaptans, and hyd:5|gen sulfide.- Mady of these are »also • 
produced during normal digestion "jihases , 'but they ^re generally scu,'-^ 
diluted by carbon dioxide and methane that they "are hardly, notice- 
able. Their j>resencp can.be det^erm'ined by testing if so de^s^ired. '-^ • \ 

During the Tirst phases of digester start-up, most^of the "g^ra.$' 
carbon -dioxide (CO2) and hydrogen sulfide (HoS) . Tf^is combinati^" . ' 
will not bum anc^therefore is usually venteo^ to the atmospWre*. 
When jnethahe fermentation starts >and the (methane content reaches 
arpund 60%',*the gas will be capable of burning. ' Methane 
production eventually should predominate, generating a gas 
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with 65% to 70% methane and /0% to 35% CO2 by volume. Digester 
gas wiirbum when 'It. contains 56% methane, but is not usable 
as a fuel until the methane content approaches 62%. When the 
gas produced is burnable,, it may be used to. heat the digester 
as well as for powering engines and for providing building 
heating. 



QUESTIONS 



8.24A What is the function of enzymes in digestion? 

8.25A How wdald^you^ attempt to control ^ foaming digester? 

8.25B What p^ventive measures would you take to prevent 
foami/ng from recurrin© 

8.26A Why |is the gas initially produced in a digester not 
bum^able? ' < 
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S*27 Supernatant and Solids * \ 

Plants constructed today are typically equipped with two separate 
digestion tanks or one tank with tw« divided sections. One tank 
is called the primary 'digester and^is used for heating, mixing, 
'and breakdown of raw sludge. The second taitk, or secondary^ 
digester, is used as a holding tank for separation of the solids 
from the liquor. To accomplish such separation, the secondary 
tank must be quiescent (qui-ES-sent) ^(without mixing)/ 

I^lost of the "sludge stabilization work i-s accomplished in the' 
. primary digester, and 90%' of the gas production occurs there. 
' IV is desirable to very thoroughly ' mix the prijnary tank, biit it 
is undesirable to return the, digested mixture to the -plant as a 
supernatant. Therefore, wlien raw sludge is pumped to the primary 
digester, an equal • volume is trans felled' to the secondary digester, 
and settled supernatant from the secondary digester is returned 
to the plant. 

In the primary digester the binding property of the' sludge is bi*oken, 
allowing the 'water to be released. In the secondary digester the 
digested sludge is allowed to settle and compact, with some digestion 
continuing. »When the solids settle they leave a light amber colored 
liquor zone between the top of the settled sludge and the surface 
of the digester. By adjusting or selecting the^ supernatant tub.e, 
the liquor with the least solids is returned to the plant. 

The settled solids in th« secondary digester, are allowed to compact 
so that a minimal amount of wa'ter will be handled in the sludge 
dewatering system. These solids are excellent seed or buffer 
sludge in case the primary digester becomes upset., A reserve of 
30 to '100 thousand gallons should always, be helfl in the secondary 
digester. This 'represents a natural enzyme reserve and, may save 
'the system during a shock load. Primary and secondary ~ 
sludge digesters should be operated as ^a complement to eacl> other. , 
If you need'more seed' or buffering' capacity in the primary digester, 
It should be taken from the secondary digester. . 

The secondary tanks. should be mijcfed frequently, preferably after 
sludge has been witjidrawn and' supernatant will not be returned to 
the plant. Usually secondary digesters are provided with mixers or' 
recirculating pumps, preferably arranged for vertical mixing." This 
periodic mi Xing, prevents coning of soli,ds on the bottom of the tank, 
and the forpiation of scum blanket on the top. Mixing also helps * 
the release of slowly produced gas- that may float solids or^Scum, 

If your plant has. only one digester, stop mixing for one day before 
withdrawing digeste.d sludge to drying be"ds. 



V 



8.28 Rate of Sludge Withdrawal 



The withdrawal rate\ of sludge from'either digester should be no 
faster than a rat^ at which the ga^ production from the system is 
able to maintain a positive pressure in the digester (at least 
two inches of water cqlumn). If the draw-off rate is too fast, 
the gas pres6ure drops due to volume expansion. ^ 



WARNING : If continued, a negative pressure develops on 
the system (vacuum). This may create an explosive hazard 
by. drawing air into the\ digester. Tf the primary digester 
has a floating cover, thie sludge may be drawn down to 
where the cover rests on the corbels without ,^anger of 
losing gas pressure. 

^ ^ \ 



Some operators prefer to pump raw sludge or wastewater to a digester 
during digested sludge drawoff to maintain a positive pressure. If 
gas storage'^ lines permit it, return gas, to the^digester to maintain 
pressure in \the digbster. ^ ^ 



QUESTIONS 



8.27A What is the purpose of the secondary digester? ' 

8.27B When raw sludge is pumped to the primary digester, 
what happens in the secondary digester? 

8.27C How is the level of supernatant withdrawal selected? 

8.28A How would you determine the rate of 'sludge withdrawal? 
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CHAPTER 8; SLUDGE DIGESTION AND HANDLING 
» (Lesson 4 o£ 5 Lessons) 

/ • * 

8.,3 piGESTfiR SLUDGE HANDLING ' ; 

After sludge has passed thrSugh a digestion system, it must be 
dewatered and disposed of. 

Small treatment plants ,^re Gsually provided with sludge drying beds ^ • ' 
while larger plants utilize '.mechanical de\vatering and drying systems 
Discharge by pipeline or barge to the ocean is sometimes used. 

8.30^ . Sludge Drying Beds (See Fig. 8.14) 

The drying process is acconjplished through evaporation and percolation 
of. the water from the sludge .after "it is spread on a drying'bed The 
dryi-ng bed is constructed wi^h an underdrain system Covered with ^ ♦ 

-coarse crushed rock. Over the rock is a la%r oTgrlvel, and then a • 
layer of pea gravel covered with six to eight inches of sand. 

Before sludge is applied, loosen the compacted sand layer by using a 
•sludge fork with tines eight to twelve inches long. Stick the tines . 
pf the fork into the sand .bed ai^d rock it back and forth several times. 
This IS to loosen the sand only, and care should be taken that the 
gravel and sand layer are no1b mixed. After the whole surface of the 
bed IS loosened, rake it with a garden rake to break up the sand clods. 
Then level the bed by raking-or dragging a 4" x 6" or 2" by 12" board 
on ropes to smooth the surface. 

Sludge is then drawn to the |pd from tV-battTJKi of the secondary di- ) 
gester Draw the sludge slowly so as not to create a negative- pressure / 
in the digester and to prevent coning of sludge in the bottonv of the 
'^il^^^l^'. A ^'^i'^'^ sludge of 8% solids travels slowly, and if the draw- - - 

off rate is too fast, the sludge around the pipe flowfe out and tjie 
thicker sludge on the bottom -moves too slow to fill the void Conse- 
quently, the thinner, Sludge above the draw-off pipe. moves in; and when 
It does, the supernatant level is reached, thus allowing almost nothing 
but water to go to the drying bed. The thin sludge and supernatant 
flowing down to the draw-off "pipe washes 9- hole (shaped like a cone) in ' 
the bottom Sludge. When this". occurs it sometimes may be remedied by 
bumping'. This is accomplished by quickly closing and opening the 
draw-off valve on a gravity flow system, which creates a minor shock wave 
and sometimes washes the heav-ier slu'dga into the cone. If the digested 
sludge IS pumped to the drying bed, quickly start and stop the pump 
usin^the power switch to create the "bumping" action. 
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l ig. 8,14, Sludge drying bed 
< 8-46 . ^, • 



To draw_ sludge slowly is time consuming and requires frequent ' 
checks 'to beTslh^ it does not thicken and stop flowing completely 
or cone and run* tbo fast. • 

The\ludge being drawii^to the bed is sampled at- the beginning of 
the fill, when' the bed Is half full, and just before the bed is • 
filled to the desired level. The samples may be mixed together 
or analyzed, sepajrately for total and volatile solids, 

4 

The depth to which* the sludge is applied is normally around ^12 
inches, ^but somerimes it is as deep as 18 inches in arid regions. 
If it is, deeper, the^ time required for drying is too long. A 
bed filled with 20 inches of sludge would require approximately 
-the same time to. dry as a bed loaded with 14 inches, dried and 
emoved and filled with another load 14 inches deep. 



WARNING 



AU0WI5P iN,t-w6 v\aM\fv wwece SLUPS^ 

4:A<^.lWl^V(^'4HOWNl OM AFRESH 
"ylWa^ &V -XV\B MUME^i? OP 4MALU 

AKP CALi^-f P AM OF-B-T^ATOR 

OKTO APRVINiO B^D OF-4UJPc^e ^QOM A 



After a, bed of sludge is drawn, the sludge draw-off line should 
« -be flushed and cleared With water to the solids won't cement in 
thfe line and one end of th^ line left open for gas to escape, if 
it forms. '^Be sure to drain^the line if freezing is a problem. 

^ In waritf weather, a good sand bed will have the sludge dry enoijgh 
for removal within four weeks. The water separates from the 
sludge and drains down through the sand. Evaporation also dryes 
the sludge and will cause it to Crack. ' 
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When the sludge has fopied cracks clear to the sand, it may then 
be removed by hand with forks. The one major drawback jof sand 
beds is that heavy equipment, such as a skip. loSder, cannot be 
used because the weight could damage the underdraip system. Also, * 
the scraping action. could mix the sand with the gravel or remove 
some. of the sarid with the dried sludge which will have to be 
replaced. 

Some operators lay X' 12'* boards across the sand for wheel- 
-barrows or light trucks and fork the sludge cake into them to 
haul to a disposal site. The dried sludge cake is normally 
three to six inches thick- and is not heavy unless a .large amount 
of grit was present in thQ sludge.* The operator calculates the 
amount of x:ake in cubic feet by the d^pth of the dry sludge cake 
and surface area of the he^. The total dry pounds is arrived at from 
the total solids in the sludge samples when the sludge was d:rawn. 

Dried sludge makes an excellent soil conditioner and a low-grade 
fertilizer. However, in many states air dried digested sludge may 
only be used on lawns, shrub beds, and orchards and cannot be used 
on root crop vegetables unless heat dried (at 14SD^F) , or imless 
it has been in the' ground that the crop is to be planted in for 
over one year. It is alv^ays be'st to check with the state or local 
health department before dried sludge is used on a food crop. 



If a 
drawn 



bed of "green" sludge (partially digested) is accidentally 

1, it will re'quire special attention. The water will not drain 

rapidly, odors will be produced, and the ^water held provides an 
excellent breeding ground for nuisance insects.' Flies, rat-tail 
maggots, psychoda flies, and mosquitoes will breed profusely in this 
environnjent. An appUcat;ion C3ff dry lime sp'read over the bed by 
shovel, and a spraying of a pesticide, is beneficial. The sludge 
from such a bed should never be used for fertilizer.^ 

Dry sludge cake will bum at a slow smoldering pace, producing quite 
an offensive odor; therefore, don't allow it to catch fire. 



WARNING 



AHV [^iCK^P INTO r^Br AlC iT Wl LL e%PLOPB, 
m\iU 4TT?Ay^ AUJe: B^T U^BV lMtXllNi6Ul4HlM6- 
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'8.31 Blackt^op Drying Beds (See Fig. 8,15) 

This *type of bed^has become prevalent in the past few years and 
has several advantages if designed properly. It is made of black- 
top or^asphalt with both sides sloping gradually to the center to 
a one-foot wide drain channej^. The drain channel runs the full 
length of the bed with a three- or four-inch^ drain line on the 
bottom. The^drain line is covered with rock„ gravel, and sa^d 
3ed. The drain Jine usually has a cleanout at- -the 
Ta control valve on the discharge end.' 

When the bed/is to be used, the cleailout on the drain line i? 
remoVed and the line is- flushed with clear water and the clean- 
out cover replaced. It i^ recommended that the draijn line valve 
be closed -and the drain line and drain channel be filled with 
water to the top of the sand, so that the sand is not sealed 
with sludge. Sludge is then admitted to the bed. Some plants 
Have operated successfully without pre-filling the collection 
system with water. 

The depth the sludge is applied to the bed is betwei^n 18* and 24 
inches. ^ 




The sludge is^Sampled in the same Way as when using ja sand bfed, 
except one additional sample is taken in a glass jar or beaker * 
and set aside. By watching the jar of sludge, you can observe 
at some time during the first 24 to 36 -hours that the sludge 
will ris^^o the top, leaving liquor on the bottom^ Thfis is 
prinjarily caused by the gas in the sludge. ' (Later, the sludge ^ 
will again settle to the bottom and the liqjaor will be on the 
surface.) The drain valve on the drying bed should be opened • 
when the sludge separates and rises to the top of the j^ty. The 
liquor collected in the sludge bed drains is normally returned 
^to the primary clarifiers* 

After the sludge has started to crack and has a crust, drying 
time may be reduced by driving a vehicle through the bed 'to mix 
the sludge. When the cake is dry a skip loader is used to -clean 
the bed. 

Blacktop beds may be^ able to handle two to three times as much 
sludge as sand beds in a given period of time. ^ 

• ) • 
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8.32 Sludge Lagoons 

Sludge lagoons are deep pond§ that hol?f' digested sludge and, in ^ 
some instances, supernatant. Digested sludge is drawn tp the 
lagoon periodically and may rpquir^ a^ye^r or two to fill,' When * 
the .lagoon is full, sludge is *(iis charged rinto anotljer lagopn 
while thip^ first one dries. This drying period .can require, a 
year or 'two before the sludge i$ r.emoved. Some large cities have 
used lagoorfs for many years^^voiding the use "of povered secondarry 
digestion tanks. ' ^'^^ V. ^ * 



QUESTICyjS 

S.31A How would you^^attempt to reduce drying time in 
bl^acktop beds? " ' . , 

8. 32 A How does a sliMge lagoon operate? 
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8*33 Withdrawal to Land > ^ ' 

Wet sludge can be spread on land to reclaim, the land or on' farm 
land ai>d ploughed in as a soil conditioner* and fertilizer, /Used 
with'-^goons this gives a flexible system, - This is an excellent 
method of sludge disposal wherever applicable, because i,r returns 
the nutrients to the land and completes the cycle-^ intended by 
nature. ' - ^ 

Transporting sludge to the disposal site is accomplished by tank 
truck or pipeline. The application of wet sludge to the land 
depends upon the topography and the crop to be raised on that 
land. When applied to grass or low ground coVer crops, appli- 
cation may bej by spraying from the back of the tank truck while 
driving over the land, by Jthe use of irrigation piping, or'by 
shallow flooding. 

.The best mefhod, but most costly, is leveling. the land, constructing 
ridges and fuWows, and then pumping the sludge down, the furrows 
similar to irrigation practices used in arid regions. This method, 
is noX only capable of -reclaiming land unsuitable for growing 
plants and trees, but may yield crops equal to or greater than 
those raised with commercial" fertilizers/ 

Some precautions that must be t)racticed with this method of sludge 
disposal include: 

1. Never apply partially digested -("green") sludge or, scum. 

2. Residential areas must not Ijg^ocated near land disposal 
sites, • ' ^ ^ 

" <? • 

'3. Land disposal si^tes must not be located on a flood plain • * 
where the sludge may be washed into the receiving waters 
dua?ing flooding. * \ " " ' 

4.^ Domestic water wells must .not'-be located on the land 
receiving the sludge. » " ^ ^ 

S.. Root crop veg^'ables must not be grown on the land. 

6. Cooperation with the landowner as to application time, 
. drying, and covering must be guaranteed. 

7. Access to the land during wet weather mustf be provided. 
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8r34 Mechanical Dewaj:6ring 

J In plants where large volumes of sludge are handled and drying 

^ beds are not feasible, mechanical dewatering may be used. 

Mechanical dewatering falls into two methods: vacuum filters 
and centrifuge^. V"Each is capable of reducing the moisture 
content of sludge to 60% to 80%, leaving a wet, pasty cake 
containing 20% to 40% solids. This cake may then be tdi3j)osed 
of as land fill, b'^arged to sea, dried in fu!maces for fertilizel*, 
or incinerate.d to ash i;i furnaces or wet oxidation units 1 

A. Vacuum Filters [Fig. 8.17]. 

For digested sludge 'to be, dewatered by this method usually requires 
a conditioning of the sludge "by the addition of chemicals. 
Elutriation (e-LOOr-tree-a-shun) is the washing of the digested 
sludge-in plant effluent in a suitable ratio of sludge to effluent. . 
Elutriation may be accomplished in from one to three separate tanks, 
similar to small rectangii^ar clarifiers. The sludge is pumped to 
the elutriation tank and mixeiwith plant effluent. Next this 
mixture is admitted to the i^er tanks to establish a counter- % 
*^ current wash. The sludge is then allowed to settle and is collected 
-by flights and pumped to the next elutriation tankV After one , to 
three washings it is then pumped to the conditioning tanks. The 
main purpose of the elutriation tanks is to remt>ve the |ine sludge x 
particles which require large amounts of chemicals for coagulation'^ 
It also removes amino acids and salts which may have .a small coagu- 
lant demand. After elutriation the sludge will react with the 
chemicals^better and pro'duce better cake. The elutriate (effluenf 
from elutriation tanks) is. returned to the primary clarifiers and 
may result in a very heavy recirculating load since it. is chiefly 
fine Solids. Many treatment plants have discontinued the practice 
of elutriation. Although, the process saves approximately $1 per ton 
of dry solids handled on chemical costs, the costs are excessive for 
treating the elutriate \wash watetO in-th^ biological treatment 
processes. . " ' 

Sludge conditioning is accomplished by the addition of various 
coagulants or flocculating agents such as ferric chloride, alum, 
— limfe,.and polymers. "In the conditioning fanlc the amount of chemical 
Solution added is normally established by laboratory testin'g of ^udge 
' grab samples by adding various 'chemical concentrations to the grab, . 

samples to obtain a practica,l filtration rate by vacuum. This test 
. establishes the operating rate fqr the chemical feed-pumps or 

rotameters from the chemical herad tanks j which is normally less 
^ than^O% of the dry sludge solids rate to the conditioning*T;ank. 
(Both^ates could be in pounds per 24 hours.) "in this tank the ^ 
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chemical is hjixed into the sludge by gentle agitation for several 
/Vinutes. The\ conditioned sludg^e then flows to 4^ filter bath 
Awhere it i$ coptinixously and gently agitated. After -ope ration 
has started, clvemical feed is regulated according to cake, appear- 
ance and^ behavior. 

* \ 

Filter -4rums apsUO to 18 feet in diameter, and 12 to 20 feet in 
length. TTiey maytuse clbtH blankets of dacron, nylon,- or wool; 
or use steel coil\springs in a double layer, to form the outer 
drum covering and'tfilter media. The drum inside is a maze of" 
pipe work running from a metal screen and wood surface skin, and 
' connecting to a rorating v^lve port at each end- of the ^rum. 

Cloth blankets are sltretchqd*^d caulked to the surface of the 
filter dnims with, short sections of 1/4** cotton rope .at every 
screen section.. Thelsides of the blanket are als^o stfetched -and 
stapled to the end ok the drums. The nagj^® of the blanket 'should 
be out. After the blanket is stretched con5)letely around the drum, 
it, is then wrapped with two strands of 1/8" stainless steel wire, 
approximately apar| for the full length of the drum. ' , 

The installation of a blanket may require several days, and it 
lasts from 2(Ki: to 20/dbo hours. The life 'of the blanket depends 
greatly 'on the blanket^ material, conditioning chemical, backwash 
frequency, and acid bath frequency. An improper adjustmfent of the 
^craper blade, or accidental tear. in the blanket, will usually 
require its replacement. 



an! 



Both cloth blank.ets 
wash after 12 to 24 hcjars 
acid bath after 1000' t|o 



cpil spring filters require a high pressure 
s of ope rati on V and -in some instances, an 
SOOd operating lioUrs.^ 



The filter drum is equipped with a variable speed drive *to turn the 
drum 'from 1/8. to 1 rpij^. Normally, the^. lower, rpm range .is used to 
give the filter tiime lo pick up sufficient sludgie as it passes through 
the conc^itioned sludg^ tub under the filter. Normally less than 1/5 
of the filter surfac^ is submerged in the tub and' pulling sludge to - 
the blanket or springs by vacuum to form the cake mat. As that area 
passes through the conditioned slOdge, the vacuum holds a' layer '1/8' 
to 1/2 inch thick of sludge ti^ the* media, and_ continues to pull^the* 
water*' from the slucfee to approximately 210 degrees flk)m the bottom 
p^int of the filtej after it leaves the vat. This is the drying ^ 
cycle. At this pc^nt the vacuum is released and a light afr pressure 
'(S.O.psi) is" appl^e^ to the ihside of the blanket, lifting the sludge 



^® Nap. The soft fuzzy surface of the fabric. 
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Fig. 8.17 Coilfilter elevation 
Courtesy of KomUn'e-Sandevson Engineering Coloration 
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so that it falls from the blanket into a hopper or conveyor belt/ 
The drum then rotates pas^^ a scraper blade to remove sludge that 
did not fall. The applie!iik air is then phased out as* that 
section starts into the filter tub, and vacuum is applied in 
order to pick up another coating of sludge. 


< 




Hie thickness of the sludge cake and moisture content depend 
upon the sludge, chemical feed rate, dimn rotation speed, mixing, 
time, and condition of the blanket or coil, springs. A filter may 
blank out (lose slud^ caKe) for any of -the above reasons or due 
to the loss of vacuum- or fi-ltrate pumps. Filtrate is the liquor 
separated from the sludge by the filter; it is returned to the * 
^primary clarifiers. 






QUESTIONS 

8»33A What are some of the advantages of applying sludge 
to land? ^ 


; 




8.34A How is sludge disposed of in many large plants or 
areas wherje drying! beds are not feasible? 


1 


« 


8.34B How would you prepare digested sludge for drying By 

vacuum filtration? n . ^ 






8.34C How would you determine the chemical feed rate to 
condition sludge? 


: 


• 


8*34D What factors influence the life of a filter blanket? 

! - 

^ >' * 
^* • 


I 


* 
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B. Centrifuge ^ / . ' 

©1? 

Centrifuges are gaining in* popularity ' for dewatering raw or primary 
sludges for furnaces or incineration units. . Their use on digested 
sludge is becoming more widespread and is expected to replace vacuum 
filters as the prime ^digested sludge dewatering device. Most 
digested sludges >^re conditioned with polymers before being fed to - 
a centVifuge. ^ ' ' , ^ . 'r^ . 

Centrifuges are various sized cylinders tifkt rotate at high, speeds. 
The sludge is pumped to tKe center of the bowl where centrifugal 
force established by the rotating unit separates the lighter liquid 
from the denser' solids . The^-centrate^^ is returhed to the primary 
clarifjers, and the sludge cake is removed to a hopper or to a con- 
veyor for disposal. ' . 

The feed rate, pool depth, centrifuge rpm, and other factors 
deterinine t)ie condition of the discharge cake or slurry and the 
quality^ of centrate. The centrate usually contains a high amount ^ 
of susperf3ed solids that became difficult to handle in the primary 
clarifiers and digesters. A large amount of grit in the sludge greatly 
increases the wear rate on the centrifuge.^ Similar to the. wash water 
from the elutriation process, centrate from vacuum filters also exerts 
a difficult /load on biological treatment processes. 

8.34E Gentpifuges are common ly 'used* to, dewater 
what types of sludges? 

8.34F How wouTd you regulate thQ condition of 
the sludge cake from a: centrifuge? 



END OF LESSON 4 OF 5 LESSONS 
on 

' SLUDGE DIGESTION AND HANDLING . 

Centrate.. The liquor leaving the centrifuge aft^r 
most of the solids have been reirtoved. 
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CHARTERS. Sludge DIGESTION 'AND HANDLING 



(Lesson 5 of 5 Lessons) 



8.4 DIGESTER CONTROLS AND TEST INTERPRETATION 



A. ^ Temperature 

A thermometer is usually installed in the recirculated sludge line 
from the digester to the heat exchanger^ This thermometer will 
accurately measure the temperature^ o£ the digester contents when 
circulation is from bottom to top. The temperature from the' di- 
gester is recorded and shQuld be maintained between about 95 and 
.98^F for mesophilic digestion.^ Never change the temperature mo^e^ 
than l^F per day, * Accurate temperature -readings also may Ije taken * 
from the flowing* supernatant tube or from the heat exljaang^r sludge 
inlet line^ The same ^mperature should be maintained at all levels 
of the ^ank. 



B. Volatile Acid/ Alkalinity Relationship ' 

The volatile acid/alkaUnity relationship is the key to successful 
digesi:er ^eratioh" As long as the volatile acids remain low and ^ 
the alkalinity, stays high^ anaerobic sludge digestion will occur in 
a digests. Each treatment^^plant will, have its own characteristic 

- ratio for proper sludge digestion-C-generally less than 0,1). When 
the ratio starts to increase/ corrective action must be tak^n imme- 
diately. This is the first warning that trouble is starting in a' 

^ digester. If x:orrective action is not taken immediately or is not 
effective, eventually the CO2 content of the diges*tef\gas will in- 
crease, the* pH of the sludge in the digester will drop^^and the 
digester will become sour. 

A good procedure is to measure the volatile acid/alkalinity relation-* 
ship at. least twice a week, plot theWolatile 'acid/alkalinity 
• relationship against time, and watch foT any adverse trends to develop. 
Whenever ' something unusual happens, such as an ii\creased solids load 
from increased waste discharges or a storm, the- volatile acids/ . 
alkalinity relationship should be watched closely. ^ 
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Uie volatile acid/alkalinity relationship is an indication of 
the buffer capacity of the digester contents, A high buffer 
capacity- is des^irable and is achieved by a low ratio whidi exists 
when volatile acids are low and the alkalinity is high (120 mg/1 
volatile acids/2400 mg/1 alkalinity). Excessive feeding of raw 
sludge to the digester, removal of digested sludge, or a shock 
•load such as produced by a storm flushing 6ut the collection 
system may unbalance the ^volatile acid/alkalinity relationship, 

• 0 

A definite probleift is developing when the volatile acid/alkalinity 
relationship starts increasing. Once the relationship reaches the 
vicinity-of 0.5/1,0 (1000 mg/1 volatile acids/2000 mg/1 alkaUnity) , 
serious decreases in the alkalinity usually occur. At a rel ation- 
ship of 0,5/l%0 the concentration of in digester gas will start 
to4ncrease. When the relationship reaches 0,8 or higher, the pH 
of the digester contents will begin to drop. When the relation- 
ship first starts t;o^ increase , ample warning is given fpr corrective 
action to be taken before problems develop and digester control is 
* lost. 

Response to, an Increase in Volatile Acid/ Alkalinity Ratio : 

When the ratio starts to increase, extend mixing time of digester 
contents, control heat more evenij^, and decrease sludge withdrawal 
rates,' Mixing should be vertical mixing from the bottom of the tank 
to the toil of Biiy scum blanket, ,ff ^os^sible , some of the concen- 
trated sluxige in' the secondary digester should be pumped bapk to 
.help correct the ratio, * In addition, th6 primary^ digester should 
npt be operated as a continuous overflow unit when raw sludge is 
added, but it should be drawn down to provide room for some Sludge 
from the secondary digester too. During heavy rains wh^n extra 
solids are flushed into the plant, it may be ne^ce^sary to add some 
digested sludge to the primary digester. Use the volatile acid/ 
alkalinity rati6 as a guide to determine the. amount of digested 
sludge that should be returned to the primary digep^ter** for control 
purposes, ,» . • v 

C. Digester Gas (CO2 and Gas Production) 

• ^ ' * • 

Thif is a useful test to record. The change of CO2 in; the gas is 
an indicator of the condition of the digester. Good digester gas 
will have a CO2 content of 30- to 3j5%. The volatile acid/alkalinity 
relationship will start 'to increase before the carbon dioxide (CO2) 
content begins to climb. If the CO2 content exceeds 42%, the , . 
diges1:er is considered in poor condition ^and the 'gas is close to the 
burnable' limit (44 to '45%' CO2). • ' • * , . 

• ■ V 
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Gas production in a prope^rly operating digester should be con- 
stant if feed is reasonably constant, I£ the volume produced 
gradually starts falling, trouble of some sort is indicated.. 



pH is normally run-on raw sludge, recirculated .sludge, and super- 
natant. This infortnation is strictly for the record and not fo;^ 



plant 



control.- iHe raw sludge, if stale, will be acid and run in 



the rahge of 5.5 to 6.8. Digester liquors should stay around 7.0 



or hig 
little 
desira 



tier. pH is usually the last -indicator to" change and gives 
warning of approaching -trouble. It is therefore the l^^ast 
Die control method. 



8.4A 
8.4B 



QUESTIONS 



Where would you obtain the temperature of* a digester? , & 

Why is the volatile acid/alkalinity relationship 
useful in digester' control? * ' « 



8.4C What should be done whep the volatile acid/alkalinity 

relationship' starts to increase? 

• * 

8.4D Why is pH a poor indicator of approaching trouble in 
a digester? * 



9-)o 
^ 
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E. Solids Test 

« 

Samples are collected of the raw sludge, recirculated slydge, and 
supernatant^ Each sample is, tested for total soli ds' and volatile * 
solids . • — . 

The information from these tests is used to determine the pounds 
of solids handled through the system, the digester loading rates, 
and the percent of reduction of the organic mattej destroyed by 
^ the digester. All of these tests are necessary for the maintenance 
of close digester operation. 



Volume of Sludge 



1 



Volumes of sludge are needed to determine the pounds of solids 
*handl^d through the system. In smaller plants which use ^ positive 
displacement gump, the volume of raw sludge is determined by the 
volume the pump displaces during each revolution. For instance, -a 
10-inch piston pump with a 3-inch stroke will discharge one .gallon 
per revolution. These pumps are equipped with a counter on the end 
of the shaft and ar^ seldom operated faster than 50 gpm. 
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J, Digester Supernatant ^ 

'* . ^ 

The tiDtal solids test is run ^n the 
mine the solids Idad returned to the 



digester supernatant to deter- 
plant. The tot^il solids in 
the digester supernatant should be l^ept below 1/2 of 1% (O.OOS or 
50no mg/1). High solids content in 
that too much seedr^or digested sludg 



the supernatant usually indicates 
e is being withdrawn, from the 



digester. This kind o^^withdrawal could increase the volatile ^cid/ 
alkalinity relationship which is also ^undesirab le,. 

Another simple method for check'iTig::.5,tip^Ynatant is to draw' a sample 
into a 1000 ml graduate and let it s$-aiid for four or five hours; 
The sludge on the bottom of the g^diiate should be below 50 ml, with 
an amber" colored liquor above it, I 
to build too high, an excessive soli 

secondary system and primary clarifigr. Sludge withdrawn from the 
secondary digester or supernatant reinoval tubes should be changed to 
a different level in the digester wh 
amount of solids when the supematan 
plant. 



f supernatant 'solids are 'allowed, 
ds .and BOD load is placed on the 



ere the liquor contains the least 
t load becomes too heavy on tKe, 



Plants should be designed to allow all sludge solids and liquids to 
go to a lagoon or, some such system for final or. ultimate disposal, 
rather than returning them to the plant, ^ ^ . > ' 



K, Co mputing Digester Loadings 



Digester loadings^ are reported as pounds of vplatile matter pe:^ cubic 
foot or inoo cubi^ feet of digester volume per day. The loading jrate 
-should be around o\l5 to 0,35 pounds volatile solids per>pubic foot 
in a heated and m^:^d digester. For afr unmixed or cold digester^ the; 
loading rate should \not exceed O.OS pqun.xis of volatile matter per 
cubic foot, assuining\that each cubic foot contain^ approximately 0.5 , 
pounds of preddgestea solids. ' * . ^ ' 
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,8.6 AEROBIC -SLUDGE DIGESTION 



8,60 Introduction 



.<^Aerobic* digestion of solids occurs, whether intentional or not, in' 
any of the conventional secondary' treatment processes, 'in the ex- 
tended aeration process, the aerobic digestion process is continued 
almost to the maximum jjbtainable limit of volatile matter re4a.ction. * 
A separate aerobic digester is intended mainly to insi^re that re- 
sidual solids from aerobic biological treatment processes are digested 
to the extent that they will .not -cause objectionable odors ^ring 
disposal, the aerobic digester is a separate operation fol^l owing 

other processes to extend' ^ 
decomposition., of solids and 
regrowth o^rganisms' to ' a 
point wher/ avail^le energy 
. in activ€^ceils and storage 
**of wa^e m^terials|^e suf- 
ficienVl^ iow to l^pfirit the 
material be considered- 
stable enoogh^for; discharge 
to some ultimate^ disposal 
' operation. Neither aerobic 
nor' anaerobic sludge 'digestion ^ 
completes the oxidation of 
volatile materials' ij\ the 
• digester, * ' 

^Important ^cornparisons between^? ^ 
aei^bic and anaeroUi'^c ^sludge 
^digestion ar^ summarized in 
/the following sections. 



1. Doefe riot use aeratiarf as n^^%>^f ^fh^rocess . 




Works best 
by prior staB 



3 . Uses putrefactioT) 




t^at have not been treated 
esses. . • - ^* . - 



asic^pa^t of the process,^ 



•4.^ Tends to concentrate sludge and improves di^inability. 

5. Produces methane gas that provides^ energy for^other* 
, operations. , . - 

6. Generates major digestion products consisting of solids, 
carbon dioxide, water, methane, and ammonia. 

7. Produces liquids that may be difficult to treat when 
returned to the plant. ' 

8. Generates sludges that need additional stabilization 
before ultimate disposal. 



Ae[robic Sludge Digestioi^ 

Has lower equipment co^jtsi^=»^U4]L.oge^ costs are higher, I 




2. Tends to produde less noxious odors. 

duces liquids that usually are easier to treat " / 
when returned to the plant* 

4. Generates major digestion paro^ucts^ consisting: of residual 
solids, carbon dioxide, water, sulfates,; and nitrates. • 
Nibst .of these products are close to the. 'final stabilization 
srage. 

5. May achieve* nitrc^en removal by stopping 'aeration long 
enough t;o allow the conversion of nitrates to nitrogen 
gas. Aerati(5h' must be restarted before^sulfates are 
converted to sulfides (HpS) . 

•6. * Tends to work better on partially stabilized solids from 
secondary processes that arfe difficult to treat by the 
- anaerobic' digestion process. ' ^ . . 

7. Produces a sludge that has a higher wal:er conten£. Aertibic 
slujiges are difficult to concentrate higher than 4 percent 
solids. 

8^ Us6s oxygenation and mixing provided ^y aeration process 
equipment. * 

9. Has le3S hazardous clearting and repairing tasks. 

10. Works by aerobic decay which produces %^e^s odors when 
^ operated properly. , • ' . 
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8.61 P rocess Description 



>»• — 



Aerobic digestion tanks may be either round or rectangular, eigfiteen 
to twenty feet deep, with or without covers, depending on geographical 
location and climatic conditions.^ The tanks use aeration -equipment 
^(mechanical or diffused air) to maintain aerobic conditions. Each* 
tank has a sludge feed line at mid-depth of the tank, a sludge draw- 
off linfb. at the bottom of the tank, and a flexible, multilevel super- 

• natant draw-off line to remove liquor from .the upperr half of the tank. 

/ ' - ' 

Covers are used iji colder climates to help 'maintain the temperature 
05 the waste being treated. Covers should not be used if they 
reduce -evaporative cooling, too much and the liquid contents Jjecome 
tbo warm. When the liquid becomes too warm offensive od<5^»iay 
devTjlop and the ^process effluent will have a very poor quanty. 

Aerobic digestion, requires, the waste solids to be held at least 
.twenty days in tj^ digester. Detention time depends on the origin 
of the sludge -being treated. Twenty days will provide sufficient' 
digestion t^me for sludges from an extended aeration ^process where 

• the sludges are already well digested. Sludges from a contact 
stabilization process' I'equire more than twenty Hays, \when temper- 
atures are very low the sludge may have to be held untfl the 
weather warms in the spring. ' ^ * ^ 



8.. 62 ^Operation . . • ' 

Aerobic digesters are operated under the principle of extended 
aeration' firom the ^tfctivatad Is.ludge process, relying on tho' mode or * 
region called endogenous^^ respiration. Aerobic digestion consists 
of' continuously aerating the sludge without. the addition of new food, 
other tljan the sludge itself, so the* sludge is always in the endogenous 
region. Aet^ation continues until the volatile suspend^ solids are 
reduced to level -where the sludge is reasonably stable, does not 
cfreate a nuisance' &r odors j^'^d will readily dewater. 




Endogenous (en - DODGE -en/tis ) : A diminished Jevel of respiration 
in^fhich materials previously stored by the cell are oxidized. . 



ERIC 
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8»64 ^ Operational Problems * ' ' * ^ 

A. Scum 

■ / • 

Thei aerobic digesters 4/ill have to skimmed periodically t^ remove 
floating grease aftd other material that'will not^digest. This 
material should be disposed of by incinerati^'h or burial with the 
scum collected from^the primary clarifier^ 

Odors 

Odors should not be a problem in aerobic digestion unless insufficient 
oxygen is supplied or a shock load reach^ the aerobic digestion tanks, 
-If an odor ptoftlem does occur, a very effective cure i^ to recycle 
sludge £rom^ the bottom* of the second or third tank back.to the first 
tank. This is also good practice in activated sludge plants that have 
bulking problems because sludge from the last aerobic digester responds 
very quickly when returned to an aerator. 

C. FlcS^tjing. ^iiidge ' ^ " . 

.Floating sludge'^mdy become quite thick in the second and third' tanks 
when aeration is stopped during removal of the supernatant. To av-oid * 
clogging, the^ supernatant dr§w-aff line should be instalFed so the 
withdrawal point is from two to six feet^ below the water surface^^^-^h^ 
floating sludge is -a*^ problem only during supernatant removal, .^^cum 
and solids must be removed from the supernatant to^prevent interference 
with other- treatment processes and 'degradation of the plant effluent. 



8.65 Maintenance Prob^lems 



Usually this^process r^uires very little maintenance^ Routinely hose 
the side walls of open tanks for appearance and fly control. 



rA, * Diffuser Maintenance 



.If diffused air is used for aeration, only open 'orifice or nozzle 
type diffusers should be installed because of the daily stopping 
'Of air flow during supernatant removal. 



B, Aeration Equipment 

^Aeration equipment should be operated^ continuously except when 
setrling. is needed for supeTnatant^^emoyal, Both settling and 
*supe.matant renjoval should be accomplished in 0,5 to 1,5- hours. 



I 

. ' QUESTIONS . • . 

V ■^ • • ^ ' . 

8,6A IVhy do some plants have aerobic digjssters? 

8/6B IVhat are some of the advantages of aerobiq digestion 
in comparison with anaerobic digestion? 
» * • * * 

8.6C IVhat dissolved oxygen levels ' should be maintained 

in 'aerobic digesters? * ^ 
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7" ADDITIONAL READING \ 
MOPai, pages 39-88,* 

New York Manual, pages 85-116, * ' ."^ 

Texas Manual, pages 303-396 and 413-444. 

Sewage Tr>eatment Practices , pages 63-79, • 

Anaerobic Sludge Qigestion ; WPCF Manjial of Practice No* 16, 
Water PoUutiori Control Federation, 3900 Wisconsin Avenue, 
Washington, D.C\ 20016, ^Price $1,50 -to' members ; <S3,00 to 
others.. Indicate your member association when orderin^r^^ 

Dague, Richard. Rt, Digester Control , J. Water Po-llution 
Control Federation, Vol. 40, J^o. 12, p 2j021 (December "l968) 

~ Sludge Dewatering , WPCF Manual of Practice No. "20, Water 
Pollution Control Federation, 3900 Wisconsin Avenue, 
Washington, D.C. 20016, Price $3^00 to members; $6.00 
to others, indicate your member association when ordering. 
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CHAPTER 9. WASTE TREATMENT P ONDS 
.USED FOR TREATMENT OF WASTEWATER AND OTHER WASTES 

(Lesson 1 of 3 Lessons) . ^ 



9.1 INTRODUCTION , _ • ' , • 

Shallow ponds (three to five feet deep) ate often i^ed to treat, 
wastewater anc} other wastes instead of, or/in addition to, conven- 
tional waste treatme&t processed. (See<-fu!gs. 9.1 ani 9.2 for 
typical plant layouts.) Wastes which are discharged^into ponds 
are treated- or stabilised ^ by several natural processes atftin'g 
at the same 'time. Heavy solids settle to the bottom.where they, * 
are decojjiposed by bacteria. Lighter suspended material. is broken 
down by bact'eria in suspension. - 4 * ' ' ^ 

Dissolved nutrieijt materials, such as nitrogen and pjiosphorojis , ^ 
are utilized Jby green algae ^which are actua^lly' microscopic plants 
^floating and living in the j^ater. tlie algae utilize carbon c/iaxide\ 
^CC02) bicarbonates to build body protoplasm.^ In so. growing 
%tliey need nitrggen and jRiosphoTous in their metabolisA much ^ (' 
larfff*plants do. .Like Isiid plants, they release oxygan and some \ 
carbon, dioxide as waste products. ^ • ^ V 

In recent years, ^ ponds have become more popular as treatment 
facilities. B^t^nsiye Studies of their performance have l^d to a 
Better ufiderstandiAg of the natural processes by which ponds treat/ 
vTastes. Information • is also avaj^tfle wfich can help operators to 
regulate the pond processes foi* efficient w^ste treatment. 

9.2 HISTORY OF PONDS IN WASTE .TREAT>1ENT , , 



Th^ 
in a 



first wastewater collection systems iVi'the ancient Orie;it and 
ancient Europe werej^scharged in|o adjacent bodies, of water. 
These ^sy^tem^ accomfflishea their intended purpose until overloading, 
'as in modem sy^teAs, made them objectionable. 



Stabilized Wastes. A waste that has been treated or, ^decomposed 
to^ the extent that if discharged or released, its 'rate and s*tate 
of decomposition would^ Such that the wa'ste would not cause a 
^nuisance or odors. 



In ancient times, ponds and Xal^^were purposefully fertilized 
with organic; wastes to.encourag^Phe 'growth of algae whi.cji, in 
turn, greatly increased the production of fish due to the food 
supply provided by the algae* This practice still persists and^ 
isM recognized art in Germany. 




Evidently, the- first '^ponds constructed in the' Uniteffl States .were 
built fols^the purpose of excluding; waste waters from intrusion into 
places where 'they would be objectionable, c^ce constructecJ^ thesfe 
'ponds performed a'treatmept process that finally became recognized 
as' such. The tendency over the years has-been to equate- pond-treat- 
ment efficiency with the non-emlssibn cilodors! Actuclly,* the 
opposite is true as the greatest organic\oa4; destroyed per Unit 
o*f area (hij^H treatment efficiency] may be accompanied by objection- 
able ^odors.' * * . . • , * V 

Armed v/itbf the current scientific knowledge of/pondine: and utilizing 
the experience of both successes and fat lucres, engineers have designed 
and .constructed -a great nunber of ponds -feifo^ining a variety of 
funct'ions^since 1958. Ponds thart have been designed with adequate^ 
engineering; bacHedby the research of a .qualijtied^biological con-" 
^ultan,t, Qnd opera fed in a purposeful manner have produced successful 
l?esults^»-^^ ^ ' 

Pondipg of w^flstewat^er ^s a complete process offersmthe following 
advantages for smaller installations, provided* land^Ts not cost*ly 
and th'e loc^ati^n lis isolated 'from residential, commercial, and 
tecreationalf areas : , . ^ ... 

.i. Does noj require expensive equipment. ^ ^ 

I'L I)oes*not require highjy trained operating personnel.. 



3. Is economic*al to" construct . 
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Fig* 9.1 Typical .plant ; ponds only 



4. Provides treatment that is equal to or superior to 
some conventional processes. ^ * 

5. Makes a satisfactory short-term method of treating 
wastewater on a temporary basis until a permanent ( 
plant can be constructed. 

6. Is adaptable to fluctuating loads. 

7. probably the most trouble-free 'of any treatment 
process when utilized correctly, provided a consistently 
high quality effluent is not 'required . ' ~ 



QUESTIONS 



9..2A If ^>pond is giving off objection.able odors, are the 

wastps being effet^tively treated? Explain your answer. 

9.2B Discuss the advantages o,f ponds. 
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I'ig. 9.2 Typical. plant; ponds after secondary treatment' 
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9,3 POND CLASS IPI CATIONS AND USES 



Ponding of raw wastewater, as a complete treatment process, is 
used to treat the wasters of single families as well as large 
cities up to the size of the city of Melbourne, Australia, which " • 
handles 78 irtLllion- gallons of wastewater per day. Ponds designed 
to receive wastes with no prior treatment are oftdn referred toj 
as raw wastewater (sewage) lagoons or stabilization ponds.^ This 
requires sizable areas of land, * 

o . • . ^ 

Ponds are qui4:^— conmiGnly used in seri ff?h-fme-4K)Jid fallowing another) 
after a primary wastewater treatment plant to provide. additional 
clarification, BOD removal, and disinfection. These ponds are 
sometimes called oxidation ponds . 

o 

Ponds are sometimes used in series after a trickling filter plant, 
thus giving a form of "tertiary!'^ treatment; These are ''sometimes 
called polishing ponds . ^ ' ^ 

« 

Ponds placed in series with each other can provide, a high quality 
effluent which is acceptable for discharge into most watercourses, 
if stringent disinfection standards are not required. 

It is possible to have a great many different variations in po'hds . 
due to depth, operating conditions, loading, etc.j,^ ^d a bold 
line of distinction is often impossible. Current literature 
generally uses three broad^ond classifications: aerobic, 
anaerobic , and facultative. 

' : . / . r 

Aerobic ponds are characterized by having dissolved oxygen distri- 
bute'd throughout their contents practically all of the time. They 
usually require an additional source of oxygen other than the rather 
minimal ambunt that can.be diffused from the atmosphere at the water 
surface.. The additional source of Qxygen may be^ supplied by algae, 
by mechanical agitation of the surface, or by bubbling air through 
the pond. • / ' * * ' * . 



2 Tertiary (TER-she-AIR-ee) . Tertiary refers to the third treat- 
ment prtDce'ss or the pi'ocess following a secondary treatment 
process, such as a trickling filter. Some refer tp tertiarj^- 
treatment as advance^! -waste treatment, meaning processes that 

• rejnove wastes ndt^normally removed by, conventipjiar (secondary) 
treatment processes. . ' ^ * * ^ 



Anaerobic ponds, as the name imf)lies, are usually -without dis- 
solved oxygen throughout their entire depth;;. Treatment depends* on • 
fermentation ^of the sludge at the pond bottorn. This process under 
certain conditions, can be quite odorous, but it is highly efficient 
in 'destroying organic wastes. Anaerobic ponds are mainly used^fbr 
industrial processing wastes, although some* domestic waste ponds 
find their way into this 'category when they become badly overloaded. 

Facultative (FACK-ul-t^y-tiVe) ponds are ^the most common type in- 
current ^use* The upper portion (supernatant) of these ponds i^, 
aerobic, while the bottom layer is^naerebic, Alga^ supply 'iftost. 
of the oxygen to the .supernatant. Facultative ponds are most common' 
because it is almost impossible to maintain completely aerobic .or 
anaerobic conditions all the time ^at all depths of' the pond. 

Pond uses may be class4:fied according to detention time, A pond 
with a detfention time of less than thfee days will perform in ways 
similar to a sedimentation or settling tank, -Some algal growth^ 
will occur in the pond, but it wili' not' have a major effect on the 
, treatment of the wastewater, " . - 

Prolific aLgal growth will be. observed in i)onds with detention 
periods from three to around 20 da^^s, but l^arge amounts of algae 
will be found in the'pojid efflaisnt. In some effluents, the 
stored organic material may be greater tfvan' the amount in the • v 
influent. Detention times in 'this range merely "allow the organic ( 
material to change fonri and delay problems until the algae settle * J 
out in the receiving waters. Effluent BODs may shpw considerable 
reductions from influeht BOD concentrations, but this is because 
BOD is ^ rate estimate (oxygen used during a 5-day period). The 
^rate of oxygen used is' temporarily gloweddown, but will increase 
when anaerobic decomgpsi-tion of settled dead algal cells s^rts. 

Longer detent'ipn periods in .pond^^ providl time for algal sedimen- 
tation, hopefully in.pbn-ds ^ith" anaerobic conditions on the bottqm 
and aerobic conditioVis on the surf ace,- . Combined aerobic-anaerobic 
treatment provided ^y ion^ detention periods produces definite, 
stabilization of the influent, 

QUESTrONS 

9,3A What is the 'difference betw'een raw wastewater (sewage)' 
lagoons, .oxidatipn ponds,' and polishing ponds? 

9, -53 IVhat is the difference' between' the terms »aerobic, 
- -;v anaerobic, and facultative? 

^',3C Describe, three possible uses of ponds, - 
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9,1 EXPLANATION OF TREATMENT PROCESS 



Wast^ disposal ponds are classified according to their dissolved 
oxygen content, .Oxygen in an aerobic pond is distributed through- 
out the, entire depth practic^ly all the l^ime,^ An anaerobic pond- 
is predominantly devoid of oxygen most of the time^because oxygen 
requirements are much greater than the oxygen supply. In "a 
facultative pond, the upper portion is aerobic most of the time, , 
whereas the bottom layer is predominancy anaerobit. 

In aerobic ponds, orgatiic matter contained in the'wastewater is ^ 
first converted to carbon dioxide and ammonia, and finally, in th€ 
presenc^e of sCinlight, to algae, Algae^are simple one-cell micro- 
scopic plants which are essential ^to the successful operation of 
both aerobic and facultative pondj 



By utilizing sunlight through photosynthesis,^ the one-celled * * 
plant uses the. oxygen in the water moleci>le to produce frele oxygen, 
making it- available to the aerobic bacteria that ^.nhabit the pond, * ^ 

Each pound of algae in a healthy pond is capable of producing 1,6'^ 
pounds of oxygen on a- normal summer day. Algae subsist on carbon * - ' * 

''dioxide and other nutrients in the wastewater; Alg^^ occur in a 
pond without seeding and multiplying greatly under favorable condijtions, 

. / . : ^ • . . ' / 

In anaerobic ponds, the organic matter is. first converted by a group 

of '"lorgani^ms .called, the "acid producers" to ^arbon -dipxide, nitrogen, 

and-fOrganic acids; In an established ppnd,'at the sanfe ti^e, a 

groi^ called the "methane^fermenters" breads dovm the acids and 

other p,roduGts of the first group to form meth,ane gas- and alkalinity. 

Water is another en\product of organic reduction, » . - . 

In a successful facultative pond, the. processes characteristic ' o 

of":aerobic ponds occur in the surface layers, while those similar 
to anaerobic ponds occur in its bottom layers. 

During certain periods sludge decomposition- inr the anaerobic zone ^ 

is interrupted^&nd it begins^to accumulate. If sludge accumulation ^ ^ 



^ Photosynthesis, A process in which organisms with the -aid of 
chlorophyll (green plant enzyme) convert carbon dioxide and 
inorganic substances to oxyge^j and additional plant material, 
utilizing sunlight for energy, Und plan-ts grow by the same 
process, • . , *^ 



•occurs and decomposition does not set in, it is^probabjy due to 
lack of suit^le bacteriological population, low pH,^ presence 

"of inlTi];)iting* substances, or a low temperature. Under these 
circumstances the acid productic^n vfill continue at a slower rate - 
but the rate of gas (methane) production slows* down considerably! 

Sludge storage in ponds is .continuous 'with smalTamounts stored 
duri^vg warm weather and larger amounts when it is cold. Durin^g 
IdW temperatures the bacteriological, population cannot multiply 
fast- enough to handle the waste: JVhjen warm weather comes, the 
•'acid producers" start in decomposing the-.accu1l^lated sludge deposits 
built up during'the winter. If the organic acid production is too 
great, .a lowered pH will occur with t.he ^possibilities of-^"upset 
pond an^ resulting hydrogen sulfide odors. » * ' . 

Hydrogen sulfide jis ordinarily not a problem in properly designed 
and operated ponds because it. dissociates (divides) into hydrogen 
and hydrosulfide ions at high pH and may form insoluble metallfc' 
sulfides or sulfates. It ^is 'because of this high degree of dis- 
sociation and. the formation of insoluble metallic sulfides that 
ponds having a pH' above 8.5 do not emit, odors, even when hVdrpgen 
Sulfide is* present irf relatively large amounts. 

All of the organic matter that finds its way^/to the bottom of a 
stabilization pond through the various processe!f-of sludge . * 
decomposition is subject to ^nethane fermentation , provided that 
proper conditions exist or become established. 

In order for methane fermentation to exisf, an abundance of orgahic^ 
master must be deposited and cpntinualjly converted to oi'ganic ^cids; 
An abundant population of methane, bacteria .must be present. -They • *" 
"require ^ pH level within the sludge-of from.6.5 to 7. 5 , alkalinity 
of several hun^dred mg/1 tcKbuffer (neutralize) the- organic acids 
(volatile acid/alkalinity relationship), and suitabTe temperatures! ■ * 



1+ 



pH,_ pH is an expression of the ' intensity of the alkaline or 
acid -strength of water. Mathematically, pH is the logarithm 
(base 10) of^the' reciprocal of the hydrogen ion concentration. 



.pH = Log ^ 



The pH may range frorr 0 to 14, where 0 is the most acid, 14 
th^ most alkaline, and 7 is neutral. .Most natural water's 
usually have a~^ between 6.5 and 8^.5.- ^ 
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-0»ce methane fermentation is established, it accounts for 
considerable amount of the organic load removal* 

QUESyiONS^ ' 
9.4A How is oxygen produce^ by algae? 
9.4B IVhjere;^ does the'^algae found iii a pond come from? * 



.9;4C IVhat happens to unsta|>le organic matter in a pond? 



i^w, ruts 
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9.5 POND PERFORMANCE ' . ... 

* <^ \ - . . 

The treatment efficiencies that^dan be expected by ponds Vary 
more than most other treatment devices. .Some of the man)^ 
variables are: • . ' - 

1. j^Rhysical Fa'ctofs , ' 

a'/ typ^' of^oil . 'y • 
b.* Siirface area ^ ^ / 

• , ^ ; ^ c. depth - . 

• ' * . d. wind action ^ ^ ^ ' 

y ^ ^ .6. sunlight • ' I / ^ ^ 

f. tempe^ture' — ^ * 

, ^ g. ^ort Circuiting * 

h. 'inflow Variations » \ 




Chemical Factors 

a. organic material \ 

b. pli ' 

• c. so.lids 

• d. concentratidn and nature of waste 
3. Bio lo,gfcal Factors ' ^ 



a. ^-^yj)e of bacteria 
bif^'fype and quantit)?^of algae 
c. a(?^ivity of organisms • 
^ ^ d. nutrient deficiencies 
e. toxic concentrations 

.^The .performance expe.cted froni a j)oi?a depends upon its design". 
The design,, of course, is de.te;rnuned by* the waste discharge 
requirements ty% the water qualify standards to be Wt in the- 
re ceiving. wate'tg . Overall treatment efficiency may be al)put 
the- same as primary treatment (bniy settling 'of solid^s) or' 
*it may be equivalenT to the best secondary bi'ologicfl treat- 
ment plants-. Some pond^, usual ly^N4Lhose located in hot, arid 
areas^, have been designed to take .advantage of percolation * 
and high evaporation rates sb that there is no discharge. 

Depending^ on design, ponds can be expected to provide BOD -re « 
mov'als ot from 50 to 00%. Frcultative poads, under normal 
design loads with 50 to 60 days detention •'^time, will usually 
remove approximately 90 to 05% of^ the coliform b^lcteria and 
70 to, 80% of the BOD ^oad approximately .8(r% 6f the time, 



,Phys.ical .se^ii^mentatibn by itself has been^ound'to remove ' ' 
approximate l}f 90% of the suspended soiids~Tn~^three''day^ 
about 8Q% of the ciis solved organic solids ixi ten days, .How- 
ever, in a pond with a healthy alga^ and bacteria population, 
a phenomenon known as biof locculation S' can occur which"* will 
remove approximately. 85% of both suspended and dissolved sol^ids^ 
within hours. Biofloccylation is accelerated by' increased tem- 
perature, wave action, and high di^solyed oxygen^ content • 

Pond detention times are sometimes specified by regulatory 
agencies to assure adequate tWItment and Yemov^l' of "bactexia. 
Many agencies specify effluent or reQeivifig water quality 
s^ahdaxds in- terms of median and ma9«jnum-MPN values that should 
not be exceeded. In'critical water^use areai chl'orination or 
other means of disinfection can be usied to further- reduce the » 
coliform level. ' <» • 

« ' T • 

I 

Aj)ond is generally regarded as not fulfillinrg its function 
when it ^creates a visual or odor nuisan.ce, or leaves a high BOD, 
solid3, ^Tease, or coliform groUp bacteria concentratipn in the 
discharge. ^ * ( ' 

QUESTIONS ' 

•9.5A IVhat is bioflb(!culatiort? , -v . ^ ^ 

* > 
^ 9. 58 What biological factors influence the treatment 
efficiency l)f a pond?' ^ 

9.5C IVhat factors indicate that a pond is ^nof fulfiiling 

its functiroiri(>operating properly) ?» * ^ ^ 

END OB ' LESSON "1 OF 3 LESSONS 
. • ' ■ WASTE TREATMENT PONDS ' " . J 



Biof locculation.^ A condition whereby organic materials tend 
to be transferred £rom the dispersed form in wast^ater to 
settleable i&terial by mechanical entrainment and assimilation. 
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CHAPTER 9. WASTE TREATMENT PONQS 
(Lesson 2 of 3 Lessons) 



9,6 STARTING THE POND ^ 't' 




One of the mo§t critical periods of a pond's life is the time th^at 
it^is first placed in operation. If at aq^l^^ssible , at least one 
foot of wateri>should he in the pond before A?^tes are introduced. 
The water should be turned into the pond in advance to preve^ r 
odors developing from waste solids" exposed to the atmosphere Thus 
a source of water should be available when starting a pand, ' 

It i^' a good practice to 
stdrt ponds during Jthe 
warmer part of the year 
because a shallow starting 
depth allows the contents 
of the pqnd'to cool too 
rapidly if ni^ghts are cold, 
. Generally speaking, ^ the 
warmer the pond contents, 
the more^effici^ent the 
, treatment processes. 

Algal -bdoom^ will noitTnally 
appear from' seven to twelve 
days after was,tes are intro- 
duced into a>pond, but it ^ 
generally takes 'at le^st 60 ^ 
days to establish a thriving 
biological cpmmunity.- A ^ . 
definite green colox is^ . 
"evidence that a flouri^hine 
algae population has been established. After this length of time ' 
has elapsed, bacterial decomposition of bottom solids will usually 
become established, TTiis is generally evidenced by bubbles* coming " ' ^ 
♦to th,e surface near thfe pond-inlet whfere most of the sludge- deposi^ts 
occur. Although the bottom is anaerobic travel of, the gas through 
the aerobic surface layers generally prevents" odor release. 
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Wastes should be discharged to the pond intermittently during 
the fir^t few weeks with constant monitoring of the pH, The 
pH in the pond should be kept above 7,5 if possible ♦ Initially, 
the pH of the bottom sludge will 'be below .7 'due 'to the dirgestion 
of the sludge by acid-producing bacteria. If the.pH starts to 
drpp^ discharge "to the pond should be diverted tq an'other pond 
or diluted with make-up watQ,r if another pond is not available 
'iin^il.the pH recovers* A high pH is essential to encourage a^ 
balance^d anaerobic fermentation (bacterial decomposition) of 
bottom sludge. It also is indicative of hrgh algal activity 
si^ce removal of the 'Carbonates from the water in algal metabolism 
tends to keep the pH high, A continuing *low pH indicates acid 
production which will cause odors. 



' * QUESTIONS 

' 9t6A '.Vhy should at lekst one foot of fresh water cover 
the pond bottom before wastes are y;itroduced? > 

9t6B l^^hy should ponds be started 'during ^the. warmer part 
of the year if at all possible? • ' ^ 

•9,6C What does a definite green color in a pond indicate? 

9,6D l^^hen bubbles are observed coming to the pond surface 
^ near the inlet, what is happening in the pond? 




9,7 DAILY OPERATION AND MAINTENANCE 



Because ponds are deceptively simp?e/ tftey are probabl y neglected 
more than any other type ,of wastewat er 'treatment process. Many 
of .the complaints, that arise from ponds are the result of neglect 
or poor housekeeping. Following are listed the day-to-day 
'operational and maintenance duties that will help to insure pe'ak 
treatment efficiency and to present your plant to its neighbors 
as., a well-run waste .treatment facility. 



9^70 Scuin Contyol ^ ' ' ' ' ' : , 

Scum atjcumulation is a common characteristic of ponds afid is 
usually the greatest in the spring of the year when the water • 
warms and vigorous biological activity resumes. Ordinarily, 
wind action will dissipate scum accumulations and cause them 
to settle; however, in the ^ absence^ of wind or in sheltered areas, 
other means must be used. - If scum is not broken up, it. will dry 
on top. and become crustedi It is not only more difficult to break* 
up then, but a species of blue-green algae is' apt to become 
established on the scum wKich can gi>^ rise to disagreeable odors. 
If scum is allowed to accumulate, it can reach proportions where 
it cuts off a significant amount of sunlight from the pond. 

Rafts of scum cause a very unsightly appearance in*^ponds and 
can quite like Ij^i. become a source of botulism that will have a 
devast'ating effect on waterfowl and shore birds which^may be ' 
attracted to the ""facility. ^ ^ . ' \ . 

methods of breaking up scum have been used, including agijtation* 
w\th garden -rakes from the shore, jets of water from piimps or tank 

icks,"an*(} the use of outboard motors on boats in large ponds. 
Scbfm is broken up most easily if it is attende'd to promptly. 

— ^ — , ^ _ ' / / 

9.71 Odor Control . \ ' 



> 



^^It.is probal)ly inevitable that, at some "time ,'/odors (^rill come* from 
a wastewater treatment plailt no matter what kind of process is used. 
Most od'ors are caused t)y overloading (see Section 9.117 to determine - f 
"^^B^opd loading) or poor housekeeping practices and can- be remedied ^ 
by taking corrective measiires. However, * there. %re* times,', such* as* 
vhen^ unexpected shutdowns occur, that plant ^processes be upset, 
ancl cause odors. For these unexpected occurrences, it is strongly * 
advis^ed ^that a careful plan "for emergency odor. control be available. 
Odors usually, occur during the spring warmup in coider xlimates 
• because biological activity is reduced during Cold weather. 
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For ponds, recirculation from aerobi^ units, the use of 'floating 
aerators, ancf heavy chlorination should^be considered"^ aj means 
to reduce odors. Recirculation from an aerobic pond to the inlet 
of an anaerobic pond (1 part recycle flow to 6 parts influent 
flow) will reduce or eliminate odors. Usually floating aeration 
and chlorination equipment are too expensive to have setting idle 
waiting for an odor problem to develop. Odor masking chemicals . 
also, have been promoted for this purpose and have some uses for 
concentrated "^specific odor sources.' Hqwever, in almost all cases, 
process procedures of the type mentioned previously are preferable. 
.In any event, waiting until the emergency arises before planning 
for odor control is poor procedure. Often seve.ral days are needed 
to receive delivery of materials or chemicals if they arp required. 
Try to have possible alternate methods of contro^l ready tQ go if • 
they are needed. ^ / ' 

.In^some areas, sodium nitrate has been added to ponds as a source 
of oxygen to prevei\t odors.' To be effective, sodium nitrate must 
be dispersed throughout the water in the pond. Once mixed in the 

.pond it acts very* quickly because many common* organisms (faculta- 
tive groups) may use the oxygen in nit1:ates instead of dissolved, 
oxygen.. Liquid sodium hyd^Qchloride or ch'forine solution is a 
faster acting solution, but not necessaij.ly the best chemical be- 
cause if will interfere with biological stabilization of the wastes. 

9.72 Weed Control 

- ' ■ • ■ ■ - — 

Weed control is an essential part of goocl housekeeping and is not 
a formidable task with modem herbicides and soil sterilants. 
Weeds around the. edge' are most objectionable because they allowa 
sheltered area for mosquitd breeding >and scum accumulation. In 
most average ponds theje has been little need for mosquito control 
when edges are kept free of weed growth. Aquatic weeds, such as 
tules, will grow in depths shallower than three feet, so an operatin 
pond level of aJt least this depth is necessary. Tules may emerge 
singly or well scatteired but should be removed promptly by hand as 
they will quickly multiply .from the root system'. Weeds also can • 
hinder pond circulation. 

9.73 Insect Contro) ^ * ' 
- ' /: 

Mosojjtitoes will breed in sheltered areas , of*, standing w^ter where 
there is vegetation or scum tt? which the egg rafts of .the'' female . 
nfosquito can become attached. These egg rafts are* fragile and 
will not withstand the actipn of distfubed water surfaces such as 
caused by wind action or normal cOrrents. Keepii^g the wate/ edge 
clear of vegetation and'keeping any -scum brokerf up will normally 
give adequate control. Shallow, isolated' pools^left by a receding 
pond level should be drained or sprayed with a larvacide. 



Any of several minute shrimp-like animals may infest* the' pond 
from time to time- during the warmer months of the year (March- 
November) . These predators Jive on algae and at ^times will 
appear in such numbers as 'to almost clear the p(bnd of algae, 

• During the^more -severe infestations ther^ will be a sharp drop 
in the dissolved oxygen of the pond, accompanied by a lowered 
pfi. This is a temporary condition because the predators will 
outrun the. algae^ supply, and -there will be a mass di^-off of 

tinsects which will he followed by a rapid greening up of the 
pond again'. . 
■ i 

Ordinarily. th_ere should be ,no great concern about these^nfe: a- 
tigns because they soon balance themselves; howeve^^ in the r ise* 
of a heavily loaded pond, a s^istained low dissolved oxygen con- 
tent may give rise to noxioUs odors. In th^t event any of seVeral. 
, commercial- sprays can be u^ed with excellent control. Di^om-8 
has' been used with good results.* ' 

' Chironomid^ midges are often produced in wastewater ponds in sufficient 
numbers to be serious nuisances to nearby residential -areas , farm . 
workers, recreation sites , and industrial plants. i^Oien emerging in 
large numbers they may also qreate traffic hazards. At^ present 
the only satisfactory control is through the use of insecticides, 
such as parath ion. Abate, Sursban, and Fenthion. Control measures 
are time consuming' and may be difficult, particularly if there is ' 
a discharge to a receiving stream. If possible, lower the level in^ 
the ponds. enough to contain a^day*s inflow before applying an 
insecticide. Holding the insecticide for at leasl: one day will 
kill more insects and reduce the effect of the j^nsecticide on re- 
.ceiving wate'rs. For better results, i^ecticii^s should be applied 
on a' calm demand any recirculation pumps should be stopped. 

9.74 Levee Maintenance 

Levee slope erosion caused by wav^ action i-s probably the most 
s^Tiws-mrintenance'p'roblem. If allowed to continue, It will 
result in- £ Jnarrowing of the levee crown which will make* access^i^ 
bility wi^h ^maintenance equipment most difficult ^ < * 

li th^ levee slope .is composed of easily erodable material^ the^ 

only long-range solution is the use_ ojf bank protection such as ^ 

stone riprap or broken concre.te rubble^ - - ' ^ \ 

Levee tops should be.^crowned so that rain water will drain over the 
side in'a sheet flow rather than flowing- a considerable distance ' 
along the levee crown an(j gathering enough flow to cause erosibn 
when it finally spills over the side and: down the slope. 

If the leyees;«re .to be used as roadways during wet weather, they 
should be paved or well graveled, ? , '\ 



9-17 



9, 75 ^ Headworks and Screening 

^'It is important to clean the bar screen as frequently as possible • 
The screen should be visited^ at. least once or twice a day with more 
frequent visits during storm periods. Screenings should be disposed 
of daily in a sanitary manner, such as by*buiial, to avoid odors 
and fly 'b;reeding. 

Many pond Installations have grit chambers^ at the headworks to - 
protect r^w wastewater 'lift pumps, or prevent plugging of the 
influent lines •'^ man/ types of grit removal equipment. 

Grit xemq^ed by thk' va^ous types of mechanical equipment or by 
manual^ means will usually contain small, amounts oi Organic matter ^ 
*an4 should therefore be disposed of in a sanitary manner. Disposal 
by burial is the most coDanpn- method. 



9 . 76 Some Ope rating. Hints 



2. 



Anaerobic ponds should be covered and isolated for odor pontrol 
.and followeid by aerobj.c ponds. Floating polystyrene planks can , 
be used to cover anaerobic ponds and can be painted for protection^ 
from the sun. These will help to confin% odors and heat and tend 
to make the anaerobic pcmds more efficient. n • ^ 

\ - -A 0 

Placing ponds in series- tends to'jcausre the first pond' to become ' 
1 pverloadeci and may never allow it to recover; thB oveVload may 
be carried to the i;iext pond in series. Feeding jponds in parallel 
lIIows you to distribute the incoming load evenly -between units. 
IVhether ponds are operated in series or in parallel^ ^should depend 
on the loading situation.* 

IVhen operating ponds, in series, the'* accumulation of solids in^the 
first ppnd may become a serious problem aft^r a long period of use. 
Periodically the flow should be routed around the first pond. This 
pond should then be» drained and , the solids removed and buried. - ' . 
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~ PONDS IN SERIES 



PARALL-EL 




3» It can be helpful to provide for a large amount of recircu- 
lation, say. 25 to 100%^ This allows the algae and other 
aerobic organisms, to become .thoroughly mixed with incoming, 
raw wastewater. At the same ti^, good ox)jgeii transfer cs^rt* 
be attained by passing the incoming water over a deck oir 
other type of aerator; This procedure can cause heat loss, 
however. * • 

4, Heavy chlorination at the recirculation point can assist in ^» 
odor control, tut will probably interefere with treatment* / * 

5, As with any treatment process, it is necessary tb. measure the 
important parameters (DO fluctuations during a 24rhour perjLod 
and solids) at frequent, regular intervals and plot them so' 
that you have some iderti of the direction the process is taking 
in time to take corrective action when necessary, 

6, \Vhen solids start floating to the ^||ii«face of a pond during the 

. spring or fall overturn, the pond should be taken out of service 
and cleaned. Measurement of the sludge depth on the bottom of 
pond also will indicate when a pond'should be cleaned, 

"Before applying insecticides or herbicides, be sure to jphecfe 
^with -app^opr.iate authorities regarding the long term effects 
of the pesticide you Dlan to use. Do not appl/ pesticides 
that may be toxic t^prganisms in the receiving waters, , 

QUESTIONS - " 



9,7A IVhy should scfum- not be allowed to accuijuirarte on the 
surface of a pond? • . • 



9,7B How can "Scum accumulations be broken up? 

9,7C IVhs^t are the causes of odors froifl a pond? 

9,7D What ^precaution would' you take#to^be prepared for an 
/ odor problem which might develop? 

^ 9 * 

I 

9,.7E Why are weeds objectionable in and^^ around ponds.? 

9,7F How 'can weeds be controlled and removed in and around 
^ ponds? * \ . . ' 

/ 

9',7G Why should insactSjjbe controlled? 

9,7H Why should a pond be lowered befor.e an insecticide is^ 
•applied?. ^ . , 

9.71 Why are the contents of ponds recircultitey?^ 
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.9.8 SURFACE AERATORS * 



Surface; aerato!rs h.ave been used in two types of applications:- 

1, To provide additional ^air for ponds. during the. night * ' 
. or during cold weather, or* for overloaded ponds, 

2^, To provide a mech^anical aeration device fox ponds '.operated 
as an aerated lagoon, Aerated^^lagoons' operate similar to 
an activated sl^udge aeration t^hk; without returning- any 
•settled activated sludge. . " ^ 



In both cases the aerators aye: opferalted by time .clocks with estab- ' 
lished on-off cycles. Laboratoiy t^ts oti thfe dissolved oxygen^'in 
a pond indicate the' time period for on and off 'cycles to mainiain 
aerobic conditions in the surface, layers of the. pond. ' Adjoistments 
in the on-off cycles are necessary when .changes occur in the 

. quantity and quality of the influent and ^seasonal weathey conditions. 
Some' experienced operators have correlated their lab test results to 
pond appearance and regulate the on-off :cycl«g using the following 
rule: Jf the pond has, foam on the surface, reduce the operating- 
time Bf the -aerator; . and if there is no evidence of foam oit.\the pond 

'surface, increa^se the operating time of the aerator, 

* Mainten^anqe of surface^aeratoirs should b^ conductedf. in acgferdance* . 
^ with' manufacturer's recommendations. . ' i;*' ." * 

9^9- -'SAMP'tI^*AND ANALYSIS^ *w ' 



9.90 .Genial ' * ' " 

; RrobaWy the-^nost important sampling .tha>t' can be accomplished easily 
b^ my ppe.rato^ is routine pH ani dissolved oxygen analysis.! It is 
very cie'^if able to make pH, temperature, and dissolved* oxygen tests 
;;s6'Y^rai times' a :w;eek, and occasionally .during the night-, throughout 

operation of the pond. These va4ues should be recorded 'because 
\^Hy wiir.sexveys a valuable record of performance. The time of day 
■ should'- b>* varied occasionally for the ^tests' so that t\\e operator be- 
comes:; .faSniliarVwith the* pWd's characteristics at various times of 
the day. Usually the pH-and di^s^blved oxygen Will be Ipwest just at 
sinirise. &oth will get progressively higher as the dayigoes on, 
.ier^chingT'-tfteir highest point in I'at^ afternoon. 
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It is especially important to remember to^avx)id' getting any ' 

"atmospKeric "oxygen~in"to~th"e~s^ample~ taken- ^o-measure-dissolved 

oxygen. J This is most ilecessary when samples are taken in the 
early morning or if the dissolved oxygen in the pond is low from' 
overloading. If possible, measure the dissolved'oxygen with an 
electric probe, being careful not to allow the membrane on the 
end of the probe to he exposed to the atmosphere. ' 
♦ 

Ponds often have clearly developed individuality^ each being a 
biological community that, is unique unto itself. Identical adjacent 

, ponds receiving the same influent in the same amount often have a 
different pH and 'a different dissolved oxygen content at any given 
time. One -pond may generate considerable scum while 'itjs neighbor 
is devoid of scum. For this r'eason,, each pond should be given 

.routine testing as regards to pH and >^disFolved. oxygen. Such 
testing may indicate an unequal loading because of the internal 
clogging b£ influent or distribution lines that might not be^ 
apparent from visual inspfectioii. Tests also may indicate differences 
or problems 'that are being created by s^build-up of solids or solids 
recycle. ^ . ' 

As an operator becomes familiax with operating a pond, he can soon • 
learn to corjelate the results of some of the chemJtal tests with 
visual observations. A deep. green sparkling color generally indi- • 
cates a high pH and a satisfactory dissolved oxygen content.^ A dull 
green coljj^r or lack of color generally indicates a declining pH and 
a lowered^dissolved oxygen content^ A grey color indicates the pond 
is being overloaded. ^ ^ " . 

^;9,91 Frequency andT^oc^tion of Lab Samples ^ ^ ' 
• 

The frequency of testing and expected ranges of test results vary 
considerably from pond to pond, but you shpuld establ^.sh those 
ranges within which yo ur pond functions properly. Test results will 
also vary during the hours of the«day. Table 9-1 summarizes the 
typical tests, locations, 'and frequiency of sampling. ' 

TQSts of pH)f DO, and temperature are important indicators of the 
•condition of the poii4, whereas BOD,-"Coliform, and 'solids tests 
measure the efficiency of tjhe pond in treating wastes. BOD is ' 
alsorused to calculate the loading, on the pond.- ^ 

In order -to estimate the organic loading* on the pond, the operator ' 
must have some knowledge of the biochemical oxygen demancj (BOD) of 
the waste and the approximate average daily 'flow. Influent' BOD and 
jplids will vary with time of day, ciay of week, and season, but a' 
pond is a good equalizer if ''n'ot overloaded. Recirculation will help 
an overloaded pond. . * 
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' TABLE 9-1 . / 




^ 


: 




FREQUENCri^NUTI)CXnOhr01^LAB. SAf^PLES 

' - ^ • A 


4 




> 


Tejt 


Frequency 


Location 


Common Range 


9 




pH* 


Daily 


Ppnd 


7.5+ - 






Dissolved 
Oxygen '(DO)*' 


Daily . 


Pond 

Effluent 


• 




i 




Temperature 
BOD 


Daily 
' Weekly 


Pond 

^Influent 
Effluent 




\ ' ' ' 






Coliform Group 
Bacteria 


Weekly 


Effluent 






1 




, Chlorine Residual 


^ ' Daily' 


Effluent ' 


0*5-2.0 mg/1 J, 






Suspended Sajlids 


Weekly 


Influent 
Effluent 








\ 


Dissolved Solids 


Weekly ^'^ 


Influent 
Effluent 




t 






*pH values above 9*0 


and BO^ levels 


over 15 mg/1 


are not uncommon. 






BODs siihould be measured on a weekly basis.* Samples shoul'd be taken 
during the day at low -flow, medium flow, and high "flow. The average 
of thes'e three t^sts will give | reasonable indication Drthe organic 
load of the wast'ewater being tr^at^d. If it is suspected that the 
BGD-varies ^harply .during the^iiay-or ^rom day to day,- or if unusual 
circumstances exist, the sampling frequency should be increased to 
obtain a clear definition of the variation^. If the pond d6 level - - 

'•is supersaturated ' the sample must be ^er^ted to , 'i. 

, remove thie excess oxygen before the BOD tQst is perfo^ed; 




»* • * 

r ^* 
* • , ^ 


ry 


o 
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9.92 Expected Treatment Efficiencies ' 



Table 9-2 is provided as a guide to indicate^probable removal 
efficiencies of typical ponds,' 

__- . ' ' ' TABLE 9-2 

EXRECTED RANGES OF REMOVAL BY PONDS ' . 



Item • 



Detention Time. 



Expected Removal 



BOD. 

BOD (facultative pond) ^ 

Coliform Bacteria 
/ ( f acu 1 1 at i ve ""pond) 

Suspended Solids 

Dissolved Solids 



I • 50 to 90%' 
50 to 60 days ! ^ 70 to 80%^ 



50 to 60 days 

After 3 days 
After 10 days 



90 to 95% 



90% 



80^ 



^ Waste Removal, % - Out} ^>^qq^^ 

^ In 



Facultative Pond (FACK-ul-tay-tive) . The most common type 
pf.pond in current uSe.^ The upper pbxtion (supernatant) is 
aerobic while the bottom la/er Is anaerobic. Algae supply 
most of the o:jcygen to the supernatant. ^ * ^ . 

9 Expected removal approximately 80% of ' the time with poorer 
removals during the remainder of the' time. • • ' ' . ' 



CHAPTER ^9^ WASTE 'tREAT>1^ PONDS /- 

(^Lesson 3 of 3 Lessons) < ^ ^ 

- / ' / \ _ 

DESIGN CRITERIA , . 



A review of^^ome common <le sign criteria will give an insight to 
the theory and 9pe ration of a pond. . 

9.110 Location • - 



♦The generar considerations for the location 1jf other types of 
» wastew^fer treatment plants also apply to the location ofjponds, 
Isolation should be as great as can be economically provided.;^ * • 
Attention to the directioit of prevailing winds with due regard 
for present and projected downwind residential, commercial, and- ^ 
;recre^;tional development is of utmost importance. * ^ * 

9.111 Ch-emistry of Wasle • " ' ^ ^ - 

<=> * 
'Before the design' gf'any pond is undei^aken, it should l)e , determined 
whether thereyre any possible toxic effects (interfere with algal or 
^ bacterial growth) from the waste. " Some natural; water supplies may' 
.have a high sulfur content pr other chemicals that limit the possibility 
-of desired sludge decompositi^^; * . ' u 

Certain wastes, such as dairy produc-ts and wine products, are 
difficult to treat because, of theTr low pH% Any proves siii^ waste ' \ 
'should be carefully investigated before one can be q(ertain tjratUt 
can be successfully treated by ponding. Some process was teS/^con tain " 
powerful fungicides And disinfectants that may have a great /nhibittive ' 
effect- on-the biolagical activity in a ppnd., ' ' '^Vf 



9.112 HeadworRs and Screening ^ j 

A headworks with a b^r screen is. desirable to remove- rags, bones,. .and 
.other large objects that Mght lojlge 4n pipes or control structures.-' 

A t3;'ash shredder ' is a luxury, that may not b'^e^l^rante'd. *»Any - - \y 
material that gets past an adequate bar screferi wifl in atl 
' prpliability not hatm the iirFluent pump/ Any fecal matter will 
pulv^yized in going through the piimp. ^ ^ > 



9,113 Flow Measuring Deyices 

It is highly desirable that an- influent measuring device be installed 
to give a direct .reading on the daily volume, of wastes that ate 
introduced into the ponds. This information, along with a BOD 
measurement of the influent, is required to estimate the organic . * 
loading on the pqnd. Comparison of influent and effluent 5,1 ow 
rates is necessary fo^estimating percolation and "evajJoratiotf-, 
losses';* ♦ ^' , 

A measuring device presides basic data for predictionfof future . . 
plant expansion needslf>r for detecting unauthorized or Abnormal . 
flows. Fieliable, well-kept records on flow volume help justify 
budgets and greatly assist an engineer's design of a plant expansion 
or new installation. ^ ^ 



9.114 Inlet and Outlet Structures 



Inlet structures should be simpl^e a«Bfoolp%pof and should be 
standard manufactured art icles s,cf r^lacement parts are 
readily available. JjJBfcoping friction fit tubes (see Eig. 9\4) 
for regulating spill'^Pdischarge heigh t.,should be avoided because 
a biological growth may become. attached and prevent the tubes *from 
telescoping if they are not^cleaneJ regularly. ^ 

A submerged inlet will minimize the occurrence of floating^ material 
and will- help conserve the heat of-^the pond by introclucing the 
warmer wastewater into the depths of the pond. Warrrt. wastewater' • * 
introduced at the bottom .of a'boldjvater mass will channel to^he,^^, 
surface and spread und^s it is promptly an'd vigorousiy mixed with \ 
cold Water. Warm wastewater sjjij.l-ejd onto the surface of the pond, ^IV 
will spread out in a thin layer on thg sur'face and not d'ontrii/ute 
to the^ warmth of the lower re^ons of the portci where heat is needed 
for bacterial decomposition. Inlet and outlet structures". shouicj be 
so I'ocate'd in relation to e^ch otl^er to minimize possible short 
circuiting. . ' 

Valves that have stems -extending' into the stream flow should be* • 
avoided. Striitgy material and rags will collect and form an ' 
obstruction and may render the valve inoperative, " ^ * " 

Free overfalls (Fig. 9.5) at the outlet* shoi^ld be avoided- to minimize 
release of odors, foaming, and, gas entrapment which may hamper pj^pe 
flows. Free overfalls should be converted* to submerged outfalls**if 
they" are ^causing "m^isances *and other problems'. 



♦ 



^If a pond has a surface outlet, floating material can be kepjt 
out of the effluent by building a simple baffle around the ^out- 
let. The baffle ^an be constructecl of wood or other suitable 
material. It sihould be sfecurely supported or anchjored. 



9.115 ieve'e SI0 



£es^ 



The selectiVn of the steepness of the levee^ slope miist depend on 
• several vari-ables'. " A steep slope erodes quicker from wa\fe wash 
unless the leve^j»material is of a tocky nature' or else protected^ 
by riprap. However, a steep slope miniigizes waterline weed, girowth 
It i^s m'ore difficult to operate equipm^Ti^ and. to perform routine 
Tnaintenance on steep-slopes. A. gentle slope will erode the least 
from wave; wash, is easier to operate -ec^ipmenj: on, anfl is easier 
^d* perform iroutine maintenance on. However, waterline weed growth 
"will have a much greater opportunity' to flourisH. 



9.116 Pond Depths . ' . 

^The operational depth of -ponds deserve^ considerable attention. * 
Depending upon conditions, ponds of le'ss than three ^.et.of depth 
may-t>e completely aerobic, if there are no solids orNtliehpttom 
(unlikely) 'b'ecause of the depth^of sunlight ^enetraTJi'DTfr This 
weans that the treatment of wastes ts accomplished essentially by 

/converting the wastes to algae cell material. Ponds of this 
$hal»low depth are- apt to be ^irregu^lar in performance because * 
algae^ blooms will in(?rease to such proportions that a ^ass die- 
off will *bccu|^" with the result, of all algae precipitating to the 
bottom and thereb:?' adding to the organic load. Such conditions* 
could lead to. the -creation of an anaerobic pond.* The bottoms of 

'shallow ponds will become anaerobic v^en solids ^ollect on the 
bot;tom and after *suDset . 

Dischai^es from- shallow, aerobic ponds contain large amoahts of o 
algae, To operate efficiently these ponds should have some means 
of removing the algae grown in the pond' before the effluent is 
discharged to tlie receiving waters. ^ If tjie algiae are not 'removed 
from the effluent, the organic matter in the wastewater .is not re- 
moved or treated tan d the/problem is merely transferred to some 
downstream pool. ' * . ' ^ 

An observed phenomenon of lightly toadedi shallow secondary ponds 
*'and tertiary 'ponds is *that the;/ ar^e apt to beoome in^e^ted with 

filamentous alg'ae and mosses that^.nqt only liiftit the* penetration 
.^pf sunlight- into the pond but hamper circulation of the poilWs 

cotftetits and clog up inlet and outlet structures. jVhen thje' loa(^in 

is increased, this condition improVes. > . ^' * 
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Pond depths of ^our feet oix more allow a greater conservation 
of heat from the incoming wastes ^to foster biological, activity . 
as the ratio between pond volume and pond area is more favourable. 
In ^facultative ponds, depths over four feet provide a physical * 
storage ^r dissolved oxygen accliimulat^d during the day to carry 
over through 'the night, when no oxygen is released' by the algae > • 
unless floating algae and poor* circulati4)n keep all th^^ox/gen 
near the surface. This physical storage of DO is very important 
during the colder months when nights are long. 

A pond operating depth of at least three fe4t is recommended to ^ 
prevent tule and cattail growth. Ponds less than three' feet 'deep 




shoafd be lined to prevent troublesome weed growth. ' Weeds that 
iemerge along the shore line -can be effectively controlled by ' 
spraying with any of several products available. 



QUESTIONS 

9.11A Why are some wasted not>asily treated by ponds? 

\9A1B What 'is the minimum^ recommended pond operating depth? 

9.UC Why should the inlet ^ a pond be submerged? , * 

9.11D Why xshould^the outlet be submerged? ' / 

' ' ^. 

5.'11E* How could prol5lems created^by a surface outlet be, 
re du gH^iT . j: orr e c 1 6(1'? 



9.11F IVhy 



free ^overfalls be avoided? 



9%11G Why are shallow ponds apt to be irregular" in performance? 
9.11H 'Why should the lYi fluent to a pond be metet^d? 



9.117 Pohd^ Eoading ^' . ' 

The wastg. loading on a pond is. generally spoken of* in illation 
to its laYea^ and m§.y be stated in several different w^ys:' 

1. y)s of BOD per day per acre = lbs BDD/day/acre ' 
* 'Qrhi's is called organic loadii^gO 

^2* inches (or feet) » of depth added per day 

'CThi3 is" called hydraulic loa'ding or overflow rate.) 

.or '5, persons (or p'opula,ti6n served) -p'er ^cre * , 

- ^ , (This is called population loading;) '.^ 

Detention time is\ related directly to pond hydraulic* loading, 
whi^0f is , actually the ^^rate of inflow bf wastewater. It may fee 
exprSssed^ as million gallx)ns per day (MGD), or as the number of 
acre-inches per day or acre-feet per .day (one acre-foqt cpyers ^ 
one acre* to a depth of one'^foot or twelve inches and is ^qual to 
45*,560 cii f t) , We must know the pond volume- in oVder to determine, 
detention time; this^is most easily computed on an acije-foot basis. 

A. Detention Time ^ ' 

DetiRon.(in days)' = Pond Volume (ac-ft)- \^ . 

. 0 f ' Influent Rate C*cyft/day) ; ^ , 

This equation does not take into considejratioii water which may be 
.lost through evaporation or percolation. Detention "time may vary 
from 3*0 to 120' days, depending on the' treatment requirements tb • 
be met,'. . . 



B, Population Loading . * . ^ 

• ^ * ' • f 

leading calculated on a population-se?^ed basis is 'expressed =^imp^^ 



.No.'orPersons peT--Atre = Population' Served, persons 

Area of Ppnd, ac 

The population loading may va^ from 50 to 59i^peVsons per acre, 
'depending on many local factors, . " ^ , ^ 
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C. hydraulic Isoading ' . , ' * ■ . r 

The hydraulic loading or overflow rate is expressed as: 

Inches per day = Inflow (aclin per da/). 

' ^ Pond Area, ac * 

' The hydraulic loading^ may vary from h§lf >n inch to several inches 
per day, depending on the org^anic load of' the influenl^ 

NOTE: If the wastewater inflow rate is known in million 
gallons per day (MGD), it caji.be converted to an 
equivalent number of acre- inches per day as follows: ^ 

. , Inflow-/ acre-iu.ch^s« per day .= -^(Inflow, MGD)' x 36.8 



I£ the pond dete^.tion time is ICpown, tho- hydraulic loading can 
also be calculated, as follows: 



9 



Inches per day = Depth of jond, ift 

Detention Tinie^ days 



, D. Organic Loading ^ . 

i The organic loading is e^Xpressed as : . . • 

%» ' • , J " ' 

.Organic Load i . ' 

^ (lbs BOD- per = ' (BOD. mg/1) r^ow. MGD)r8,54 Ibs/gaP H 
day per acre) • ^^^^ area, ac ' 



TypicaL, organic loadings, may range, from 10 ,to 50 lbs BOD per day 
#p»r acre. ' . / ' . . 



000.000 tal ^ l.cu':ff ^ • 1 ac^ • • 12 in. _ 
. \ ■ *■ • 'day.. . . -^7»'48' gal- ■ 43^,560 sq ft 1 ft ~ 



g ac-m 



..' . • 11 .-Recall lbs /.day ^= (Cone.' TngAM rag) (M gal/day) 34 lbs/gal) 



day 
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CHAPfER 1&. DISINFECTION ■ AND- CHLORINATION. T- 

I . . . , , 

• n' •» . 

Lesson. 1 of 4 Lessons) - ' « •, 



VLe 



. 'lO.O P.RINCIPLES OF ;4\STEWATER DISINFECTION- WITO CMtORINE 

10*00 Introduction * - .; ' 

• • ♦ . 

Wastewater^ contains organisms from both the healthy and .si^ '* 
people, discharging their wastes i?nto the collection/system. 
Disease-producing organisms^ are potentially present in, all 
wastewaters, and these organisms must be removed/or 'killed before 
treated wast^^watei: .can be discharged to 'tKe receiving waters » 
The purpose of disinfection i-S' to destroy ftfihogenic organisms ^ 
and fhiis prevent the spread'of water-borne diseases. . '* 




The conventional waste treatment processes desfribed in previous' 
chapters remove pathogens from, wastewater in varying^degrees. ^ 
The 'destruction and removal^ of pathogens is brQtrght about Hi/ 
^several ways : . ' " * ' . . . 



1 . . Phys 



i^al 



removal througji- sedimentation and filtratioiv^ 



2. Natural c(^,e-away of organisms in an "unfavorable environ- 
ment" duriilg storage ^ ^ ^ 

3, ^ Destruction by chemicals introduqed for treat^nt pu!pposes 



Bacteria x>r viruses 



S 



^•Pathogenic (nath-o-JEN-nick) Organisms, 
which can caj/se disease, (typhoid, -(^holera,-^ dysentery)^ Thfere * . 
are many ty^s of bacters^aj^hich do rm cause disease -and ^^hicly ^^ ^ 
are riot called4)athogeiVic, Many beneficial bacteria 'are found ^ ' • 
in wastewater treatment process.es actively c^eai)ing up organic/* 
;r wastes • • • " . • • , ■ ' ' 



« * 



■{ Al'tliough the n\finb.er of microorganisms in polluted watejgsiri^ 
re'duGed'by treatment processi^s and. natural puriflciHi^^ tl\e . 
/..•term disinfection': i? used in. practice tO'descHfe^/iF^atjiieTrt' • 

processed that 'have /as the'ir ma3-oi;Job ject'iyg the.ki.lHrig of 
- pathogenic '-organisms (Figf' 10. 1) , Becaus'e. -chiorrne-'aJid .^ome 

. Qf - its , -compounds disinfect so well, 'and'-be'caju5e they-'^are..- ' • 
. ayailablfe at • reasonable cost*, they .hay.e b.een^us.eff'- .almost to- 
. -th'e- exclusion of othej; disinfecting^'agept?^ ^ «.fttfs chapter .on 
disinfection will be cbnqerned prijnaril'y" wjJth^the pri^ 
and practice of chlorine disiri-fecrxon^ *. r> 



I 

i. 



.•10;01 Dismfecti-on ' , • *' ' - ' 
• ' > • ^< 

the main use af t'hjorine in domestix:' wast^ .treat?fn%Ttt is ^dis- 

'in-fectipn: Strictly defined^ ^i^i^ff?^^^/^ -i^-'^'h^ de'st.ryction * - ^ 
of all pathogejiic organisms >- while srt?"eriAij;ati;on^'s -t'H^ total ^. . 
destruction or removal^gfcjp ^AJc m1s;x-^Q^.gM WBStewarer^ . 

' eff luents^'are discbargeid to oreg^iv^Jh'^lw^ • ^ ^ 

* ^^s a source of publ ijc, .watejr^suppl^, shlillfi^h.-gjQxi^g-^^^^^^^ ' ' 

.ar for recreatLiwa^-'purposes^^xreat of . ,* 

pathogenic'cOrgs^nisms' is' required .to ra-immaze -the, health hazards/ 

Qf 'poilutJon of these -receiying^sii^t^ij^^ Such treatment is knoWn 

as-' disinfection. « • . . ' -^Z ' ' ' T • 

Gilorinaticm' for disinj^^fion j^ijip^^e^'.fettui^ \ 
r/all of the ^prathogens 'in' thfe domestjjc^'wastfe^ef^ 




^ " ; . ^"^^ ' decay iifi0t'<^«ra^'iir-A^ 



or 

of 




f-DHcriOM *■ 



^c^e^n I'm a- 



PRE AEi^AT lOM 



\ 



r. 



liBMOl/B'^BfUSABlB: ANP^.. 



fZBMOVB^^MVBD AhiV 
/^/ll.PAryo<j^BNfC' 



Fig, 10', 1 'Typical flow diagram of wastewater tre'atment plant.. 



To accomplish disinfection, sufficient chlorine must be added 
to satisfy the. chlorine' demand ^ and leave^ a residual chlorine^ 
that will destroy bacteria. The re'sidual must be" maintained 
for. a -Sufficient "cowtact time" to insure ?:illing the •'pathogens. • 
'For most wastewater, extending chlorine contact time can be 
more effective than increasing .dosage*s. 

Special laboratory equipment is necessary to* measure the effec- . " 
tiveness ofs cfilorina'tion for jpducing the number of ba.ctexia. 
The tests require '|evera^ days to complete. * Thus bacterial • 
lex^inatio'ns'^are not .generally practical for the day-to-day 
control of; tKe' application of chJrorine, Fdr many years dis- 
infection .requirements often specified an grthotoliding^ . 
chlorine r^^elual ^f 0.5 milligrams per liter after a chlorine 
contact' time of /thirty .irinutes', CoinpLiance with this 'req'ad re- 
ment -generally*' resulted in MPNs ,^ of about 3000 col; form 
organisms per inn .ml (California, 19663. However, this result-^ 
ing MPH may vary cons^iderably (sev^eral orders of magnitude) from 
plant to piant, £onsidering dilution with water having a low coliform 
content, this standard appeared suitable when puWic contact vith ' - $; 
the waters was limited. ' Today peojale are living- more intimately 
with was.t^wat^i- than ever tre fore. Wastewater" e:^fluents arp ' r-^ r 

— t ' ' 



€hlorine Demand, , Chlorifhe demand is the difference between the 
amount of chlorine addid to wastewater and the amount of residual 
chlorine remaining after a given contact time, Lhlorine demand^ 
may change ^tth dosage, time, temperature, nature and amount of 
impurities ii^. water. Chlorine Demand = Gilorine Applied - . , 
Chlorine Re^i'du^l. [* 



Residual Chlgirir^fe-, t jfesi-duar Chlorine is the amount^ of lihlorine 
remaining a ft'^Y'f^fgilcea contact time andnmtlfer specified conditions, 

Orthotolidine (orh^t|S^TOL-i-din"eJ ^ Orthotolidine is a colorimetric 
indicator*of chlorl'bdpiVesidua'l in'whi.ch a yellow-colored compound 
is produced. ' ' . •• ' ' , " 

MPM. MPN is^the f^tvWobable l^u^ber of coliform group organisms 
per unit vplume elpre^se^d a5;Adensity of organisms per 100 mJ, 

Coliform (COAL-i-£drm)#,/ -ilie coliform group of organisms igj a 
^bacterial indicator pf contamination, -^This group has as one 
of its primary habitats the intesfdnal tract of human beings. 
CclifpTcms a*lso may/.b'fi found in 'th4 Tnttestinal tract of wanfiA' 
bPooded^a^imals, an*d in plants, soil, iir, an4 the aquatic en- 

: 10-4.^ ^ '"^^ ^ • 
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0, /^^-\*et ' 



\ 




. t 



\ •> -used for iytifptirig • 
* 'lawns, pai^k's^ ceme- V, 
te^riey, freeway ^ ; 
' - . :.pl4nting/ goljf' 
/ ' courses, college - 
painpusesr,. athletic 
. ! fields i.^jasid other 
C pUbXic ar;ea$. - • 

::;Recr^ati;ofia'l. lak^s ^ ; 
^c.i4§eU fW;?^ ' 
^''-:/si*inuning ,; wat^r ' ^ ^ 
\(,'Sk±ing, fishing, and * - ; 
, othex .water* spor-*^ 

are^^fequ^n^iy made 
' , up ^partially and> . 
•.' in a few biases^ 
V; sole Iv of treated 
' >^l:^ts,- As public/ ' 
contact' hS^. increased 
and ^di lifting viators - 
have, decrease.cf -or 
..^ecome'*^ pocft? 



quality^ it his .become obvious? ,that more . consideration must be given - ^ 
to 'dxs infection , practices^ i - ,f y - • * ^ ^'" ''"^^ 






10. OA, *WhairIs tine piij^s^/'o^'disitt^^ is^ th^S anqjortant? 

iO.OB How ar^ pathogelfk; bacteria,4o^troy^ /a^eii^^ 
10. OC IVhy is chlorinati9ri'used for' disinfection? . , - \ 

10. OD IVhy are wastes not sterilizeof - ' \ ' 



•if.. 



10--S 



/L" 



' / ' > ^'J 'o " Reaction of Chlorine in Wastewater 




5n jDjsder to * determine where in thfe treatment Jbrocess and how much 
chlorine should, be applied to accomplish the purpose desired, it 
/;'^1'6V necessary t.o; kijeSfthe action o£ chlorine when added to l^^aste- 




, water^ . x • ^ » • ^ 

■Chlorine is an extremely active, chemical that will react with many 
.compouniis-^o ^oduce may different products. If a small amoUnt.of ^ 
chlorine, is added->to wastewater, it wiLl react rapidly with such 
substances as hydrogen sulfide^.tUiosulfates (indu^iral wastes), 

. ^d ferrous iron; JJnfits^y these conditions, .chlorine is cpnverte'd'to 
/chloride and little or no disinsection will resul.t. If enough;: ' 
chlorine' is added to react with all of these sub5tances^/.ckl;i^4-'*^^^ 
ducing compounds, a littlp more chlorine added -wi 1 1 xeact witlj'V' 
ammonia or other nitrogenous compounds ^pxesent ari^- form c^ie[r^ines 
which have disinfecting action. Again, if enough chlori^ie: Is added 
to;react with-all the reducing compoUnBs and/all^ the nitrogenous 
matter, this chlorine will react with org^ic. rtatte^j^^o** product 
chlororganic compoui^s^ or. other combinVd^'io'rms jo'f ^Iciilorine, which 
have slight disinfecting action." I:inallyj;''"ii>igrioiagh< chlorine' i^ * 
added to rea^ct with all of \he* above 'comppgiv&s, any additional 
i:Vlorine will form fre6'^available ^chlorin^'^CHOqi) whichjias the 

^.hi^hest disinfecting action. (Fig. 10.2, Page 10-9) ^ 

The exact mechanism of this disinfection action is nbt fully kno^. 
In some theories, chlorine is considered to exert a 'direct action 
against the bacteriai^cell, thus destroying i^:. A more recent*" 
theory is that the toxic character of chlorine inactivates t]je * 
enzymes^ upon which the living microorganisms a*re dependent for 
utilizing their food supply. Asr'a result, the organisms' die of 
starvation. From the point of view of wastewater treatment, the 
lTie.chanism of the action of chlorine is much less- important than 
its effects as 'a disinfecting agent. 



. . ; /- ^ ] . ' 

Chlororganic (chlor-or-GAN-nick) . Chlororganic compounds are 
orgapic comp;ounds* combined with chlorine. These compounds 
' * * gflfcally originate from or are Vssoci^ted with living or dead 
oi^H^LC .materials 

Enzymes' (EN- zimes) . Enzymes are substance? produced by living 
. * otganisnis that speed up chemical changes. ^ <> ' * 

"'J / . , . ^ - . , ^ . 
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The quantity of reducing substances, both^organic and iftorganic, 
in wastewater varies, so the amount .^of chlorine that has to ^5'e ^ \ 
added -to was'tewater for different^'purposes will vary; The, 
chlo^e used by the^e organic' and inorganiq reducing Su^stances^*^ 
i« defined as tk^ chlorine demand/ It i^s' equal to the amount 
added minus that 'remaining as combined chlorine after a. period 
of time. Which is gener.ally thirty minutes. Thus; 

ChldriT\|j Demand =• Chlorine Dose - Chl'orine ^Residual t , 

^Although significant, kill of sensitive organisms occurs while 
the chloriri"e ^demand is beii^g satisfied, disinfection is caused 
primarily by that amount remaining after thef chlorine di^mand I 
has been sajtisfied,. /Thijs quantity/ of chlorine In ^cess of the 
chlorine demand* is^.d^fi^ned^^as res^.dual chlorine and is expressed 
as milligrams per lit^r (mg/l). - , ^ 



It should be noted 'that in wastewater 'treatment chlorination* 
is not'nbrma4ly to .'th^/'break f>oint'* (Fig. U.d .2)- sio that, a 
free residual would exist. The fbreak point" for^ good secondary 
effluent^* would be a chlorine doSfl;pe of apf)roKilhately 150 mg/1. 

we are talking primarily about -a combined' residual . However,' 
with> some of the more advanced treatment processes in which a_ 
high degree of nitrificat4,on occurs, treatment to .free chlcyrine* , 
residuals beyond the break point is possible at-a cHlorijie dose ^'^-^ 
of less than 25 Tng/1. ^ ' ' . - " / , 

Berth chlorine addition and contact t^me are es3ential for organism • <^ 
kill. Experimental determination of the best ^ combination of 
combiped residu'al and contact tiitfe'* i^ necessary to inspre' both>. 
proper phlorinatioti anjd 'minimum^ use .of chTorjine. Chs^nges in pH / ' 
affect the disinfection aB'ility of chlorine and tl^e* operator must 
reexamine the best/combinatiqn of chlorine* addiction and cohtact 
time when the|pH fluctuates*. * . ? . / 

It' must be eWi'^sized that wastewaters are i^ot^and'neecflilot be • 
^carried to^aBree r.esAduar for effective "bactericidal action ,- 
at the preset time in ihosfr, locations 1 With iijcreaSitjgly stringent 
.^receiving Vater standards requiring higher qiiaftty effluents in 
the future, the, neecf for disinfection tp^.tKe free chlorine residual • 
is a' distinct possi-bility. Complete disin'^ection (*'kill"'of patho- 
genic bactei^ia^ and virUses) is assured mainly 'by* chldrination to -a 
.free available chlorine residual. 

Calculation of. the chlorine dosage and phl-oriae demand is illus'trated 
in the fol lowing ^rbblem. ^ . '- . > , 
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EXAMPLE ; • 
1 . 

•A chlorinator is set to feed 50 pounds of chlorine per 24** 
hours; the wastewater flow i# at a rate of 0.85 MGD, and the 
chlorine as measured by the OX forthotolidine) tests after 
thirty minutes of contact is 0.5 mg/1. ^ Fin4 the chlorind 
dosage and chlorine deinand in mg/1. 



Chlorine Feed 
or Dose, mg/1 



Chlorine 
Demand, mg/T 



. 59. 

0.85 / 50.00 , 
42 5 

7 50 
. 7 65 



50 lbs chlorine/ day 

0.85 MG/d^ * 

59 lbs chlorine per MG 
« 

59 'lbs chlorine/MG 
8.34 Iba/gal 

« « * 

7.1 lbs chlorine/million pounds watelr 
7. 1 ppm (£arts £er million parts) * 
7.1 mg/1 ' ' . 

Chlorine Dose, mg/1 - Chlorine Residual, mg/1 
7.1 mg/1 - 0.5 mg/1 
6.6 mg/1 




QUESTIONS 

40. OE How does chlorine react with wastewater? 

10. OF How much chlorine must he added to waste- 
water to produce disinfecting action? 

% 

10. OG How, is the cTilorine demand determined? 



10. OH 
10.01 
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How is 'the chlorine dosrfge determined? ' 

Calculate the chlorine demand^ of treated - 
domestic wastewater if: 

Flow Rate = 1.2 MGD 

Chlorinator = 70 lbs of chlorine per 24 hours 
Residual = 0.4 mg/1 after thirty minutes 
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CHLORINE 

RESIDUAL. 

mg/l 



INITfAL 

CHLORINE 

OEMAND 



gOMBINED 
RESIOUAL 
CHLORINE 



V 



OXIDATION OF 
COMBINED RESI-' 
DUAL MATERIALS 
(CHLORAMINES) 




BREAK POINT 
FOR SECONDARY 
WASTEWATIg. 
APPfiOXII^ATELY^ 
25 TO 150 MG/L 



CHLORINE DOSAGE, mg/l 



FREE CHLORINE 
RESIDUAL ON A 
1 TO 1 BASIS 



Fig, 10,2 Break-point chlorination curve 
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10.03 Rules of Disinfection 

.The State* of California presently (1969) specifieiw tfte coliform 
MPN -in the effluent as a primary standard for effectiveness of ' 
disinfection. It has been established that the bacte'ria causin-g 
enteric^Q diseases- are less resistant to the chlorine than the 
non-pathogenic .intestinal bacteria, designated a5, the colifomr-^ 
group. For this reason the destruction' of the coliform group 
of bacteria generally provides an effective criterion of waste- 
water disinfection. However, certain viruses, spores, and 
pathogenic bacteria inside solids may be more resistant than 
coliform group bacteria to chlorine. IVhen a chlorine residual 
criterion is^ also set, it is considered to be a secondary 
standard and is valid only if, and. as long as, bacteri~al kill 

• me^ts the MPN standard. \One sample is not as meaningful as a 
serie§; of samples indicating trends. ' ^ 

Studies have shown great variation in MPNs in chlorinated waste- 
' water samples eveji under apparently similar conditions. These 

variations occur for numerous ,re as on s, some of which are a$ 
' follows : ' \ 

1. MPN, does not directly measure the true number of coli- 
form bacteria present, buV rather is an expected or 
probable^ number based, on analysis of samples from a 
large population (al l^^ofL the' wastewater flowing by 
the sampling pbintV. / 

2. Small samples' from large ^mounts of a source are'^not 
represen;:ative unless' the 'source is* uniform, and cer- 
tainly wastewater is 'far from.-uniform. 

3. Many variables affect the number of coliform bacteria 
present in a chlorinated waste: numbers and charac- 
teristics of bacteria prior to chlorination, cpncen- 
tration and n'ature of the specific agent accomplishing 
the disinfection, accessibility>of the disinfectant 

to the microorganisms, and various environmental factors. 

4. The test is, not always performe'd under ideal conditions. 
For example, culture media dilutions or other factors 
may be unfavorable for valid coliform counts/ 
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Enteric: Intestinal* * 



20:): 



lo-in 



Several different .methods including MPNs, membrane filters, and 
f^'bal coliforms may be specified for defining-^SSequate disinfecti 
the foinnat used is geared to fit tMe specific discharge ajid the 
I'Sownstream uses of the receiving waters. Chec|c with:%our state * 
.regulatory agency for the requirements applicable to your plant. 

Because of limited laboratory facilities available at most waste- 
water- treatment plants', the; following statement has been included 
in disinfection^ requirements- issued in California: 

^ > ' ^ r ■ 

_ "Methods other than bacterial testing for the demmstra- 
tidn of effectiveriess^f disinfection wiljy be ^accepted 
after the discharger I^as provided sufficient labofa-' - • 
tory data showing that statistically sound correlation^.^ 
exists at all times between* bacterial results and • . 
measurements produced by the alterq^te proposed method." 

Many of the^ smaller^dischargers ina CaLif6rnia have asked the 
'state for* assistance in correlatiiTg chlorine residual and,coli- 
form MPN. The State has^ conducted s-tudies at sev^ra,! plants. 
The studies have not been* of a research nature; but were con- 
ducted' for the purpose of determining vrhether disinfection as 
being practiced at the specific plants was adequate to protect 
the public health: Followi||g' are some of the findings -from 
these studies:' • / 

* • « , — 

1. It is difficult to maintain a consistently high * ' ' 
degree of disinfection at moSt wastewater treat-. \ ' ' 

* ment plants. 'Chloripation is, apparently moVe" ; 
\effective in a^jvtisll-clarified effluent than'qjie \' ' 
in which significant susTpend^ solids ^e preserit. 
A lump of solids may consunfe available chlorine 
before the fhlorine"^netrates the partible. ^. 
Organisms imbedded within the particle •are thus^\ 
protected from the chlorine ^d are not disin- 
fected. ■ * ^ • « . fli 

2. Thorough mixing of chlorine solution with the waste- 
- water is essential to achievQ fnaxirSum efficiency of 

colifotTii^kiJl for a given chloride dosage-.' \ 
' "* ^ ^ * , 

Higher chlorine residuals Ofter. a given conta'ct ^time) 
are required for primary treated wasted than for 
secondary treated wasted to effect a comparable coli- - 
form quality. \ ^ ^\ ; ^ ^ 

^ ^ /• ' -i- ' 

4. Two-stage* chlorination *Cpre— -and pQst-chlorination) 
provides more consistent production of Ipw doliform 
density than postchlorination alone, ; ^ 



Correlation: 




5. Gene^^lTy speaking, a correlation, exists between chlorine 
•res4aftial and coliform density, (Coliform densities de- 
.crejSse with increased chlorine residuals.) The individu- 
alities of wastewater treatment plants and their *ef fluent 
conditions, ,as well as sampling and analysis techniques 
make it difficult to apply^^ correlation determined' from 
one plafnt to other plant's / v . > ' 

6, Chlorine residuals, .and corresponding feed rates, required 
trb afford' a desired disinfection level vary ftom day to • 
day and from morning to afternoon at most treatment plants • 

?• Increases in chlorine residuals above a certain point do 
,not 'appear to reduce coliform densities significantly, 

8, Increases in detention tim^ above a certairT^oint do not 
•appear t.b reduce coliform densities significantly. 

The actual contact time in most chlorine contact clvdmbers 
is considerably less than the theoretical contact time, 
r ' . • 

10, Samples of wastewater chlorinated in a laboratory do not 
give results comparable to thqse obt.aiped in chlorine 
contact chambe;rs. * / * * . • 

11, The better the treatment the .mSte effective the disinfection 
at a given. chJLojrine dos'dge , 



10,04' Chlorine Requirement 



The object of disinfection* is the destruction of pathogenic bacteria 
and the ultimate measure of the effectiveness is the bacteri?ological 
result*. ^ The measurement of re'sidual chlorine does supply a tool for 
practical control. If 4:he residual chlorine , value. commonly effec,- 

tive in most wastewater treat 
^ mQnt plants does not yield 
'satisfactory bacteriological 
• kills in a particular plant, 
• \th^ residual chlorine that 
\ does "must be determined and* 
used* as a, control in that ^ 
plant! ' In other words,- the - 
0,5 mg/1 residuall chlorine, 
while generally efj^ective, is 
. not a rigid stands|rd but a 
- ^ . • guide that may be changed *to* 

^ * ' meet, local* requirements^ 

< I V 

One special case would be th-e use^ of cKlorine in the effluent from 
a plant serving a tuberculosis hospital. Studies hav.e §hoWn that a 
tesiduai 'Of at least 2,0 mg/1 should her maintained, im fh? ^^fflueftt 
from this type of ins'titution, ahd^'that detention time shoudd be 




at least, two hours' »at the average rate of flow instead of the 
thirty minutes '.which is normally used for basis of design. 
Two-stage chlorination majj be particularly effective in this 
case, . • ' , 

It will generally be found that in a domestic waste' -the 
followin^g dosages of chlorine are a reasonable guideline, .to/ 
produce chlorine residual adequate for disinfection. Jndil^i- 
dual plants ipay require higher or lower. dosages, depending upon 
type ^nd amount of suspieirded and dissolved organic compounds 
in the chlorinated -sample , ' " , * . ' ' 

TYPE Og TREATMENT , DOSAGE ' ^ ; ^/ 

• ^ , . ^' ' (Bas^^on Average Flow) 

Primary plant effluent ' \ ' ' '20 -'25 mg/1 

Trickling filter plaht effluent. 15 mg/-l ' 

Activated sludge plant effluent ^ ' & mg/1 , 

Sand filter* effluent % , ' 6 mg/L ' 



QUESTIONS , 

10, OJ 'IVhich' is ipoi^e resistant to chlorinsttron, Ifacteria 

, causing enterici diseases or ^n^n-patl^ogen4c ' in^stinal 
, bacteria, designated ^s ^he ^coTiform ^r6up? ^ 

ID. OK IVhy does one find great variation in MPNs in cRl^i- ' 
nated wastewater samples even under apparently similar 
conditions? , * . . 

10. OL IVhat are. some of the findings^f studies attempting to, 
correlate chloriae; resi<lual and coliform MPN? ' 

10, OM How i-s the effectiveness of the chlorine residaal.for . 
a particular .plant"detei:mined^ . ' ' 



EN'D OF LESSON 1 OF ^4 LESSONS 
DTSINFUniON AND CHLORINAirON 



.CHAPTER 10. DISINFECTION AND -CHLORINATlON 

i 

^Lesson 2 ,of 4 Lessons) 
;l0.r POINTS OF CHLORINE APPLICATION 



10.10 Collection System Chlorinastion \ 

One of the primary benefits of up-sewer chlorination is to prevent 
the deterioration of structures. Other benefits include odor and* 
septicity control, and possibly BOD ^reduction decrease the load 
imposed on the. wastewater treatment" processes . In some instances*, 
the -maximum benefit may result from a single application of chlorine 
at a point on the main* intercepting sewer before the junction' of 
all feeder'.sewer lin«r. In others seVeral\pplications at. more 
than one point on the main intercepting- $ewer or a^t the upper ends 
of the feeder lines may prove most '.effective. Chlbrination should 
be considered as a temjborary or emergency measure in most cases ,- 
with emphasis being placed on proper design* Aeration also is 
effective: in controlling septic conditions in,;Col.lection systems. 
Although many problems result from . improper design or design for / 
future^- capacity requirements, the' need for hydrogen 'sulfide pro- 
tection exists under the best of corfditi6ns. 

10.11 Prechlorination 



Prechlorination- is" defined as the addition of chlorine to waste,water 
at the entrance to the treatment plant, ahead of settling Units and 
.prior to the Addition of other chemi$^s. ^ - 

In- addition 'to its. applicatidn for aiding disinfection and odor 
control at this point, prechlorination is applied to' reduce plant 
BOD load, as'anaid'to settling, to control foaming in Imhoff^ 
units-, and to help remove oil. Current trends are away f yom p^j^., 
chlorination to up-sewer aeration for control of odors. 



10.12- Plant Ghlorination ^ ' 

Chlorine is added to wastewater during treatment by other processes, 
and the specific pbin^t of application is .rej^ted .to the results, 4 
desired,- The purpose of plant chlorination may be for control^nd; 
'prevention of odors, corrosion, sludge bulking', ^digester foaming, ^ 
filter ponding, 'filter flies, and as an'aid in sludge thicke^ning. 
Here again, chlorination should be to emergency measure. 
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10 A3 Postchlorination . ^ ' * . , * 

Postchlorination is defined as the addition af chlorine to municipal 
or industrial wastewater following other treatment processes. This 
point of application should be before a chlorine .contact un it ^2 a^jj 
after the final settling unit in the treatment plant. This: is the 
most effective place for chlorin^ application- after treatment and 
on a well clarified effluent. Postchlorination is employed primarily 
for disinfection. As a result of chlorination for disinfection, some 
reaction in BOD may be observed; however, chlorination is" rarely ' 
practiced solely for the purpose of BOD reduction. * 



QUESTIONS 

IQ.IA \Vhat is the purpose of uj)-sewer chlorination? • 

10»1B iVhere should chlorine be applied in sewers? 

10* IC 'IVhat- are the reasons for prechlorination? 

10. ID Why might' chlorine be added to was tewateji. during 
treatment by other processes? 

10. IE What is the ^bjective of postchlorination? 



^ } 



12 CMorine Contact Unit. A" baffled basin that provides . • • / 

, sufficient detention time for disin^fection to occur. " 



. 10.2 CHLORINAtlON PROCESS CONTROL ' ■ 

10,20 Chlorinator Control 

The control of chlorine flow to points of application is accom- 
plished by six basic methods and a seventh method wjiich combines 
• two of the basic six. 



10.200 "Manual ControL 

Feed Tate adjustment and starting and stopping of equipment is 
done by hand, ^ / 

10.201 Start-Stop Control 

Feed rate .adjustment by hand^^ starting and stopping (by inter- \ 
rupting injector* water supply) coritrolle^i by starting of waste- 
water puntp, flow switch, level switch, etc. 



10.202 Step-Rate Control ' . . 

Chlorinator feed rate is varied according to the number of waste- 
water pumps in Service. As each pump starts, a pre-set, quantity 
of chlorine is added to the flow-of chlorine existing at starting 
. time. This system can be applied conveniently with installations 
employing up to eight pumpS. • ' ' v ^ ' 

10.203 Timed Program' Control r 

Chlorine feed rp^te is varied on a timed step-rate basis> regulated 
td correspond to the times 'pf flqw changes- or by using a tiine- 
• pattern transmitter which employs a revolving cam cut to matcli a 
flow pattern.' ^ r 



10.204 »Flow Proportional Control^ 

Chlorinator feed rate is controll^ed by -a system Which converts 
wastewater flow information into a chlorinator control value. 
This 9^n be accomplished by a variety of flow metering equipment, 
including all process' control ^instrumentatioi^ .presehtl/. available 
and nearly all metering equj.pment now in use oh wastewater systems, 
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10.205 ^Chlorine Residual Control 

Chlorine, feed rate is controlled to a* des4re4 chlorine residual 
(usually combined chlorine) level. After \ixing and reaction 
time (ahomt five minutes maximum) , a wastwater sample is 
titrated by an ampefometric^^ analyzer- recordei*' (or indicator)*. 
As the residual chlorine level varies above' or below *the 
desire^d (setpoint) level, the chlorinatbr is caused t6 change 
its feed rate to bring the chlorine residual back to. the 
desired Qevel. . * * . 

16.206 Compound Loop Control * . • » y 

Any ''automatic** control system (step-rate, fiimed program, flow 
proportional, or oresidu^l) cah'be employed in t\yo ways: * ' 
(1) by positionring the feed rate valve, or (2) by varying the. 
•'vacuum differential across the feed rate valve. Compound loop 
control employs both controls simultaneously. For instance, 
a^flow proportional (or step-rate, or timed program) control 
system may positiori the feed rate valve, and a residual control 
system may. var^ the- vacuum differential across the feed rate 
valve; Thus, changes in flow cause changes in feed rate valve 
position;, but changes in chlorine demand may occur without any 
flow change. WJien this happens the residual analyzer detects . 
a change in chlorine^ residual, and by varying the vacuum differ- 
ential across the feed rateVvalve clauses the thlorinator to 
change rates to meet the desired chlorine residual lev^el. 

Various combinations of compou^loop contr'ol can be'^employed. 
Generally speaking, the part -or the system requiring, the ^fastest 
response should be^applied to valve -positioning (since it- 
responds faster)." If flow chariges are ^i^rid, flow control 
.should be by valve position. * If flow arid demand -change rates^ 
are nearly theisame, the magnitude of changemay dictate 
the/ selection Of control^» ' ' ' 



^3 Amperometric (am-PURR-o-NET-rick) . A method of measurement 
that ^'ecords electric current flowing or generated, .rather 
than recording voltage. Amperometric titration '.is -a;i el,ec- 
ttometric means of measuring concentrations of substances 
in water.* . . ^ 
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The 6electioh of control methods should be based on treatment • 
, costs, and treatment resuTts (required or' des^r^dj • ^ A waste . , 
discharger must normally meet , a disinfection standard. A small 
^ treatment pla^it might do this with a compound loop control 
system cosing seVeral thous*and dollars, but may save l^ss than 
one hundred dollars, a year in chlorine consumed. In this case 
the expense would not* be^^justified. A manual- system might be 
employed wKich would meet the maximum requirements and over- 
bhlorinate at a minimum requirement periods. It* is not unheard 
of for a. plant to have'^maximum chlorine residual requirements 
because of irrigation and/or marine^ life tolerances. In these^ 
cases the uijcontrolled or promiscuous application of chlorine 
cannot be considered^, no matter how 'large the added cost. 

A chlorine residual level may be required at some point down- 
stream from'th'e best residual cqntroT sample point. • In this 
case a residual analy-zer should be used 'to monitor and record 
rS^iduWls at this' point. It m-ay also be employed to^ change 
tfie* control sfet point of the controlling residual analyzer.*. 

Ultimate control of dosage for disinfection rests on the results ' 
degiired, that is* the bacterial level or concentration acceptable 
or permissible at the point of discharge. Determination of 
chlorine requirements according to the current, edition of 
standard Methods for the Exarriination of Water and Wastewater is ' 
the best method of control. You must' remember^ that the chlorine 
requirement or chlorine dose will vary with wastewater flow, time 
of. contact, temperature, pM, and major waste constituents such as 
hydrogen sulfide, ammoni^i, and "amount^ of dead and living organic 
matter. * ' ' ^ 



QUESTIONS 



10. 2A can chlorine gas feed be^con^rolled? 



10. 2B Control of chlorine . dosage 'depends on the bacj^rial. 

desired. - ^ J 




10.2C Defdn^^ amperometric. 
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10.23 Chlorine Solution Discharge. Lines> Diffilsors^ and Mining 
10,230 5o^ution Discharge Lines* . ' ^ 



• Solution dischai'ge lines are made from a variety of materials 
depending upon the requirements of service. Two primary requisites 

^. are that it must^be resistant to the corrosive^ effects of chlorine 
solution and of adequate size to carry, the ^requfred flows. Addi- 

^-tional considerations drg pressure coTTjditions , flexibility .(if' 
required), resistance to exte.inal corrosion ajid stresses when* 

* underground or. passing through structures^ eas'e arid tightness of 
connections, and the adaptability to field fabrication or aeration, 



Development of plastics .in the past several years haS contributed 
greatly to chemical^solution transmission. Polyvinyl ohloride (PVC) 
pipe and black polyethylene flexible tubing have all but; eliminated \ 
the use of ri^bber^ose; Both afe generally less expensiW and ibbth 
outlast rubber in norm^al service, Tlje w-se of ^hos'^ ^s a^ost^ex- 
, clusively limited to applications where Flex^jid lit^^>S^equired ot 
Where extremely 'high' back pressures, exist , ' * * ^ 

PVC and polyethylene gan be fjleld fabricated and altered, .PVC 
should be Schedule 80 to limit its tendency to cold fPow and- , 
partially collapse under vacuum conditions, or 'for higKer pressure 
. ^ratJlngs j'r rexiuireU! Schedule^ 80 PVC may be threaded and assembled 

^ with ordinary pipe tools or may be .installed using solvent welded 

• fj.ttings. 

o> , . 

^ * * ■> ' 

'Rubber lined^ steel pipe has been used for many years wh^Ye resistance 

'to external stresses is required^ It cannot be field fabricated or 

- alte;red and is tlius somewhat restricted in appli^catiort , PVC liniag 

/of s^eel pipe has'"not yet become economically competitive, but 

ot>her 'plastics, have 'been developed which can readily compete* with 

nlbber lining and ai^e adaptable to field fabrication'and alteratibR. 

Never use neoprene hose to carry chlorine solutions because it*4vil^ 
become hard and brittle' in a shoo^t time. ^ ' ' - 



10., 231 Chlorine Solution'Diffusors 



These d'i^usors are normally constructed of the same materials used 
.for sbluJion lines. Theii? design is an extremely important part of 
a cKlorination program. This iijportance i^'almost completely related 
to th*e miling of the cklofine solution with the wastewater being 
treated; h6wever/ strength , flexibility, etc,^, also must be given 
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consideration.. In most circular ^ filled conduits flowing at 
0,25 ft/sec (or; greater) a solution injected at the center .of • 
the pipeline will mix with the entire flow in ten pipe diameters. 
Mixing in op^n c)iannel» can be accomplished by the use of a ' 
hydraulic jump" (Fig, 10,4) or by si^ihg diffusor orifices so* 
that a high velocity -(about -16^ ft/sec) is attained at the ^ 
diffusor .discharge. This accomplishes two things: (1) intro- 
ducing a p^essur^ drop to g^t equal discharge from each orifice, 
and (2) imparting sufficient energy to 'the surrounding waste- 
Water to complete the^ixing, - Generally speaking, a diffusor 
should be supplied for each two to three feet of channel depth. 



HIGH FLOW ^ X'^^- HYDRAULIC LOW FLOW ^ ^ 

VELOCITY X ^ JUMP VELOCITY' 



Fig, 10,4, Hydraulic jump 



-'10V232 Mixi^ 



Mixing is extremely import-ant ahead, of a chlorine contact tank 
or, a residuacl sampling point. Since aljQontact tank is usually 
designed for low velocity; little mixingVoccurs after waste- 
water enters it. It is therefore aiecessaiy to achieve mixing 
before the conta'Ct^ank is entered. The same is true for a 
chlorine residual sampling point; otherwise erratic results will' 
be obtained by^ the residual ^halyting system. 



QUESTIONS ^ ^ 

> ■ 11 ^ ■ ■ ■ ■ « ' 

10. 2H Why does little mixing of the chlorine solution 

^ with wastewater occur in chlqrine 'contact basifts? 1 

10,21 Chlorine solution discharge lines may be jnade o£ 

or * • . 
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■ CHAPTER 10. DLSINFECTIDN AND CHLORINATION ' 

' ('Lesson. 3 of 4 Lessons) « ♦ 

40.3 SAFETY AND FIRST AID ' ' - , ' 

All persons handling chlorine should be thoroughly aware of its * 
'"hazardbus properties. Personnel should know the^ locatioiKfnd use 
of the various pieces of protective equipment and be instructed 
in safe.ty procedures. Foi: additional information on this topic; see 
the Water Pollution Control Federation's M^^jual of Practice ko. 1, • 
Safety in Wastewater Works', ai>d the Oalorine In€,titute's Chw^hie 
A/anz^Z, ■4th 'edition. 1^. - | ' \ ^ - 

10.30 Chlorine Hazards' ^ * • \' ' ^ 

Chloriitfe is^a^gas, 'heavier than air, 'extremely toxic ai(d corrosive 
in 'moist atmospheres^ Dry chlorine ga^^an be safely handled in * 
stfeel. dontainers and piping, but with moisture must be h&ndled in 
corrosion-resisting m'aterials such as" silver, glass, teflon, and 
certain otFier plastics. Chlorine gas' at container pressure should 
never be piped in silver^ glass, teflon, or az^y othej plas-tic material/ 
The gas is very irritating to the mucous membranes of the^npse, to the 
throat, and to the lungs; a yer/ small percentage in the air causes 
severe coughing. Heavy ex|)osure c^ be fatal. (See Table ICf-l.J 



— WARNING p 

MerVee go IM^O a room COKTAIMIMCEt 
OALjORIM^^A^ \M»TH-H/\12MfUL Oi^MCENnPAfOAlC 

pieaT£cri\/£: . cuor\^me> anp ^eup 

LOCAL P£PA1:^TM^N^ ' . 



Write to: Water Pollution Cont<rol Federation, 3900 Wisconsin 
' Avenue, Washington, D.C. 20016;^price to WPCF memberis, $0.75; 
others,, '$1.50. The Chlorine Institute, Itic.; 342 Madison Avenue, 
New York, New York 10017; pri'ce $0^75. 
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/ • • TABLE 10-1 

PHYSIOLOGICAL RESPO^E TO CONCENTRATIONS OF CHLORINE GAS20 



" Effect •■ 


Parts of Chlorine Ga? 


Per Million Parts of Air 


By Volume (ppm) 






Slight symptoms after several 
'hours' exposure . <. 


1 




Detectable odor 


3 


60-minute inhalation without 




serious effects 
' • ** 




Noxiousness > 

t * 


5. ' 


Throat irritation , 


. Is' ■ 


Coughing 


io 


Effects, dangerouis to one-»half 


40 


to one hour 


Death after a few deep 'breaths 


1000 

• 



*20 Adapted from data in U.S. Bureau c^f Min^s Technical Paper 
248 (19S5). ' ^ • 
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10 •SI 4Vhy Chlorine Must Be Handled .With Care 

You must always remember that chloi'ine^is a hazardous 6hemical 
and must be handled with respect. Concentrations of chlorine 
gas in excess of 1000 ppm may be fatal after a few breaths ♦ ' 

Because the characteristic sharp odor of chlorine is notice- 
able even when the amount in the air is smaU, it is usually 
possible to get out of the gas area before serious harm is 
suffered. This feature makes chlorine less hazardous than 
ga^es ^uch as carbon monoxid^, which is odorless, and hydrogen 
sulfide, which impairs' your sense of smell i^ a short time. 

Inhaling chlorine causes general restlessness^anic, severe 
irritation of the tl]roat, sheezing, and production of muc)\ 
saliva/ These symptoAs are followed by' coughing, retching 
and vomiting, and difficult in 'breathing. Chlorine is par- 
ticularly irritating tcy persons suffering from asthma and 
certain types of chronic bronchitis. Liquid chlorine causes 
severe irritation and blistering on contact with the skin. 



10^32 Protect Yourself From Chlorine 

Eve^ person working ,witfe' chlorine should know the pi^oper w^ys 
to handle it,'' should ISe trained in. the use of se'lf-contained 
breathing apparatus, and should know what to* do in case of 
emergencies, , . 



WARNING 



iNAFeaaATe AMI? IN^FfecnveiN <lUiAt/0M^ 
rpi^^iErfOQB NOT ^^COAAAAmVBDrbU U^B 

"^(?^ArMlMc^AFPA2AT^5 A^^Oh^^ 



•Here are some items- you Should always remember in order to 
protect yourself art'd others from possible injury-: 
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In an emergency, only authorized persons with adequate 
safety equipment should be in the danger area. Have 
your fire department examine ^our chlorine handling' 
facilities and safety equrpmen t so they will be aware • 
.of what you ha and the possible dangers. They are . 
well trained-in the use of breathing apparatus and 
m^y be able to help you in an emergency, especially if 
they are. familiar with chlorine hazards. 

f ^ - ' . • ^ 

In any chlorine atmosphere, short shallow .breathing is 
safer tnan deep breathing. Recovery from exposure depends 
on the amount of chlorine inhaled, sX) it is important to 
keepf that; amount as small as possible. 

Clothing contamitiated with liquid or gaseous chlorine 
continifes to give off chlorine gas and irritate thjs'^body 
even after leaving a contaminated area. Therefore) con- 
taminated clothing should be removed immediately and the 
exposed parts of .the body wa^hecTwith a large amount of 
cool water, 




Tlie use of a breathing, apparatus is advisable, during these 
operations,^ All caution shou^ld be taken to prevent any 
liquid from coming in contract with clothing not designed 
for protection, because the liquid can penetrate the cloth 
and cause skin problems, ' ' ' 

Learn the coi^rect way* of using the breathing apparatus, 
practice using it regularly, and 'take safety drills 
seriously, l^at you learn may save your life. The fire 
department is. we 11 trained in the use of breathing apparatus 
and can be very help fLrtH.n training. 
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e. If you have found a chlorine leak and 16ft the ^re'a before' 
the leak was stopped, you<$hould use an. apparatus* with n 

. separate air supply wfien you return and. repair the laak^. . • \ 
Never rely on a cannist;er type mask for protection In 
repairing chlorine leaks, Cannfjter masks are not' recom- 
mended because they do not supply^ oxygen'. They only remove 
ch.lorine, if they are effective. Some agencies -al low the i 
use of cannister type masks; however, most operators, wjo 
have had experience repairing chlorine 'leaks do not use 
cannister masks because of their shol^t^ shelf life (ap- 
proximately three to four months) and Inability to provide 
adequate protection^ against high concentrations of-chlc-ine. 
Extensive ventilation is recommended,^ ' 

f, Cooperate 'in taki-ng care^ of all safety equipment, handling 
it carefully, and returning it to its proper storage place 
after use, Uefpctive equipment, or equipir.ent whfch you 
can't find wlfen you need it, will not protect you,' 



Always be sure tha.t you know the location t)f first aid 
*cabinets, .breathing apparatus, showers, and other safety 
equipment. Review emergency instruction^ regularly to * 
be sure you know them. 



h. Notify your police department that you need help if it * 
becomes necessary to stop traffic on roads and to evacuate 
persons in the vicinity of a chlorine leak. 



10-33 First Aid -Measures ' . . 

a, Be sure you know the location of breathing apparatus, first 
^id kits, and other safety equipment at all times, 

•* 

b, . Remove clothing contaminated with liquid chlorine a't once. 

Cany patient away from gas area--if possible to a room 
wit^i a temperature of 70^F, Keep patient warm, with 
blankets if necessary, Kcep'hi.n qaiet* 

c, Plac5e patient on his back with his head higher than the 
rest of his body, 

. . * % 

Call a doctor and fire department immediatel y. Immediately ^ 
begin appropriate treatment, 

Eyes , If even small quantities of chlorine have entered 
the^eyes, hold the eyelids apart and flush copiously with 
lukewarm running water. Continue flushing for about fifteen 
minutefi. Do not attempt any medication except under specific 
instructions from a physician. 




ERLC 
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f. Skin , Get patient under a shower immediately, clothes 
and all. Remove clothing while the shower is running. 
Wash the skin with large quantities of soap and water. 
Do not attempt to neutralize chlorine with chemicals, 

, Do not apply salves or ointments except as directed by 
a physician, 

g. Inhalation , If the patient is breathing, place him in a 
comfortable position; keep him warm and at rest tintil a 
physician arrives. 

If breathing* seems to have stopped, begin artificial 
respiration immediately. Mouth-to-mouth resuscitation 
or any of the approved methods may be used, . Oxygen 
should be administered if equipment and trainedvpersonnel 
are available. 

Automatic artificial r^'S^Tr^ti^ is considered 'preferable 
to manual, but only when administered by an experienced 
operator A 

Rest is reqommendod after severe chlorine exposure, 

h. Throat Irritation , Drinking milk will relieve- the dis- 
comforts of throat irritation from chlorine exposure. 
Chewing gjum or drinking spirits of peppermint also will 
help reduce throat irritation. Follow emergency rules 
given by your physician. In the absence of such rules, 
the first aid steps above are suggested. 

Taken in part from Chlorine^ Safe Handling Pamphlet, published by 
The Chemical Division of PPG Industries, Inc, 

QUEgTIONS * 



10, 3A IVhat are the hazards of chlorine gas? 

10, 3B • What type of breathing apparatus is recommended when 
repairing a chlorine leak? 

10, 3C What-.first aid measures .should be taken if a person 
comes in ^contact with chlorine? 



3'^ • 
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\ 10/4 CHLORINE ^HANDLING 



" ip . 4'0 Chlorine Containers 



lO.VlOO^ Cylinders * ' 

•CyliiMers co^^fea4Jling 100 to -^0 pounds o^ chloriife are convenient 
for the average sraai4^consumer7. These cylinders ere usually of 
seamless steel construction (Fig.* .T^JTS) . . ^ 

A fusibl^ plug is placed in the valve, below the valve seat* 

\ This plug is a safety device. The fusible metal 
softens oV melts, at ISS"" fo 165*^?, to prevent building up of 
excessive Wessui;es' and the -possibility of rupture due to a fije 
or high suVowJ^ding temperatures. . [ 

Cylinders' wiirnot explode and can be handled safely. 

fhe^allQwing are procedures for handling chlorine cylinders. 

l.f Move cylitiders witl^ a properlyu balanced hand trupk with 
clamp sui^ports that fasten at least two-thirds of 'the 
way up the \cylinder. 



2. 100- and ISOVpound cylinders can be rolled in a vertical 
position. Lifting of these cylinders should be avoided 

* except with aj^roved' equipment . Never lift with chains, 
^rope slings, ol: magnetic hoists. 

3. Protective cap should always be replaced when moving a 
cylinder. 

4. Cylinders should bb kept away from direct heat (steam 
-pipes, ra(iiator9, eVc.).' ^ , , * 

5. /Cylinders should be stored in an upright'position, 
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■» art* -v* A* rt4 n « ■A 



Chlorine CyHnder 



ProteGfltpn^" 
HooS 

Valve . 

Neck Ring 



Cylinder 
Body' 




•Stamped taT^ weight on cylinder shoulder * 
do^s not irtlude valve protection *hood.^ 



Net ' 
Cylinder 
Contents 


Approx. 
•Tare, 
Lbs^* - 


Dimensions, . 
IncheSi 

A 


A \ 


B 

^ 


100. Lbs. 


73 


8V4 


. 54 '/S 


M50 Lbs. 


92 


10V4 ' 


54 V2 



Fig. 10.5" Chlojrine, cylinder 
(Cout'teaij of PPG, Indus tHe 8, Inc^ Chmical Division) 



\ . 



I 
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« • 

10.401 Ton Tanks ' " . • ^ 

Ton tanks are of welded construction .and jhaye a loaded weight , 
of as nrucl^ as 3700 pounds. They are aiaput' 80 inches in lengfti 
ai^ 30 inches', in outside diameter. Thelfends of the tanfcs are 
crimped inward to provide a substantial/trip for lifting clamns 
^ (Fig. 10»7). ' . • .. ' « * • . T 

nhe following are 5om€? 'characteristics of and ^jrocedures for 
handling ton tanks. -'^ '<■'"''. 

^ost' ton tanl^s hav6 eight^ openings for fusible plugs and valves 
[Fig. 10.7]. Generally, two opei^^ting valves are 

located oiuone end near thp- ceatef and sixe-or eight fusible 

, ^etal safety plu^s three or, four oh each- end. These are 
designed to melt within, the same^Tjen^j^ratUre range as the 
safety plug in the cylinder vklire,. 



WARNING 



lANii< <54ApJJLD NOr^feB MfeATBD. OMCe^THK 

TAMK WILL ®B 13^i-^A^-Se:i::?. ' 

[ ' ~^ ' — ' — : 



Ton tanksi are shipped by rail in multi-unit tank-cars. Single' 
units may \be transported, by tnjck^or semi-trailer. 

Ton tanks should be handled -with a-suitable lift clamp in con- 
junction with a hoist or'craner*of at lea?t two^ton capacity 

' (Fig. io.7)\ ' : 



Ton tankg. should stored and used ;on their sides, above the 
floor-or ground, on steel or Concrete Supports. ^Th0y should 
not be stacked more than one high. 




10 



* 



Net Weight- of Chlqrjne ... .2000 lbs. '2-Ton Minimum l^/jg' 



Tare Wt. of Tank (average) 1 550 lbs. Capacity Hoist 
Gross Weight Full (average) 
3550 lbs. 




^""i-fe- Spacer — 



Chlorine Gas Eduction Pipe 



Detail "A" 



Valve 
Protection 
Hood* 



Chlorine^ 
Liquid t ^ 

1 \2 




23//— I 

Detail "A" 



Fusible Plugs. 
•O'D. (at least 3 each end) 



* Fig* 10.7 iron tank lifting beam . 

— • ASourteay of PPG Industries j Inc.j Chemical Division) 
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Ton tahks should be placed on trunnions which are equipped 
with rollers so that the withdfaw|Pl valves may be positioned, 
one above the other. The upper valve ^will discharge chlorine 
gas, and the. lower valve will discharge ^liquid chlorine (see 
Fig. 10". 7). Trunnion rolle'rs should not ekceed 3-1/2 inches 
m diameter so that the containers will not rotate too easily . 
, anc^ be turgffed out of position. Roller shafts should'be equipped 
with a zerktype lubrication fitting and slotted for even ^ 
lubrication. Roller bearings are not advised because of the 
e^se with which they rotate. Locking devices are not required 
when these rules, are observed. 



10.402 Chlorine Tank Cars, . . ' 

i 

• A?J°u'"^ 1^"^ "^^^ ^""^ °^ 2°-' 55-' ^->'or 90-ton ca'pacity. 

All have four-inch cork board insulation protected' f»y a steel 

jacket. TTie -dome of the standard car contains four angle valves 
. plus a 3afety valve. The two angle , valve's located on the axis 

line of the tank are equipped.for dischargin^g ii quid chlorine. 

The two angle valves at right angles tc the a>is of the tank 

deliver liquid chlorine. • • 

The* following are some procedures for unloading chlorine tank cars. 

Unloading- of tank cars should be-peVformed by trained personnel 
in aecordance. with Interstate Commerce Commission (ICC) regulations. 
tS) . / " ' I . • ' * 

Mn most situations chlorine is withdrawn from tank cars as a 
liquid and then passed through chlorine evaporators. Sometimes 
dr^ air is passed into the tank car through one of the gas valves • 
to assist -in liquid withdrawal. _ This practice is referred to as 
"air padding". . ^ . , 



• QUESTIONS ♦ ' . 

10. 4A How may chlorin? be delivered to a plantT^ 

' ' ' i ' * - 

10. 4B IVhat is the purpose of the fusible plug? 




.- < 
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CHAPTER 10, , DISINFECTIOi AND CHLORINATIWI 



(Lesson 4 of 4"Lessons) 

4 



• lots CHLORINATION EQUIPMENT AND MAINTENANCE (by tj. ,L. Reals) 

10.50 Chlorinators • * 

' Chlorine may be delivered from a feeder by one of two methods: 

1, Solution feed, commonly practiced, in which the chlorine 
gas i s controlled, metered, introduced into a stxeum of 



injector water, and then conducted as a solution to the 
point of application. ^ ' * * 

2, Direct feed, sometimes called dry feed, ^n which the gas 
is introduced directly through €t suitable diffuser at' 
th^ point of application. This method is used only when 
a spurce of injector water at adequate pressure, or power 
for an injector pump, is not available. Operating diffi- 
culties experienced in metering dfy chlorine ^as directly 
to the point of application make this type of equipmen^t 
a **las^ resort", ' • 

* ' • . ^ - 

following are the common types of feeders used in' wastewater treat- 
ment plants. ' ' * ^ 

10% 500 Vacuum-Solution Feed Chlorinators 

This type of ^equipmefnt j(Fig. 10.10) conffrises in .excess of 90% of 
all gas chlorination equipment in. service today ^in water and waste- 
water treatment operatijins,. The primaiy advantage, of vacuum 
operation is safety. If a'failure or ^breakage occurs in the 
vacuum > system, the chTorinator eijher stops the flow o&'chlorine 
into the equipment or allows air to enter the vacuum system rather 
than allowing chlorine to-eicape into the surrounding atmosphere. 
In case the chlorine inl^et shut-pff fails, a, vent valve discharges 
•the incoming gas to the otitside o;f the chlorinator building, 

4 

The operating vacuum is provided by^a hydraulic injector.- The ' , 
injector operating water absorb? the chlorine gas, and the resultant 
chlorine solution- is conveyed to a chlorine .diffusor through corro- 
sion* resistant conduit , " * * • 



va6uum chlorinator also includes a vacuum regulating valve 
to*"4ampen^ fluctuations anti^ give', smooth operation. A vacuum^ 
relief prevents excessive vacuum within the equipment. 

■ ■• ' A 

A typicad vacuum control chlorinator is shown in Fig. 10.10. 
Chlorine gas flows from a chlorine container tc5 the gas inlet * 
(located above the circled Y in the middle right of the figure). 
After entering the chlorinator jthe gas^sses through' a spring 
•loaded .pressure regulating valve whi'tJn ntainf ains the proper 
operating pr.-^^ure, A rotameter^is used to indicate the rate 
of gas flo^c^ The'^rate is Controlled by a V-notch Vari^e 
orifice. The gas then moves to the injector where it* is dis- 
solyed in water and leaves the chlorinator as a chlorine soluti 
(HOCl)i ready for * application. ' 



10%5M Partial Vacuum^ Pressure Type, and Pulsating Type ' ' 
Qilorinators • • 

Aside from the prc/ssure type which has been described previously, 
these types 6f equipment are limited, in application and few remain 
in service. Pulsating and partial vacuum chlorinators i^e primarily 
designed for extremely low feed rates. Vacuum-solution feed equip- 
ment can feed less than :0:25 lbs/day. The reduced cost of hypo- 
chlorination has almost eliminated their use.' • ' . ' , 

>• * ' • , ♦ ' • ' * 

JlO.Sl- Hyppchiorihiatprs ' - . 

* Hypochlorirjators are deyices that are used to feed chlorine in the 
*f033n of calcium, sodium, or lithium, hypochlorite.' Hypochlorites 
'are available^ as liquids or various forms of solids (powder, peH^t^T^ 
and in a variety of containers of in bulk. 



if*" 



QUESTION. 



10, 5A How is chlorine deiivere?i Cfed) to the ' 
- point of application? 




? 

to 



'VACUUM REGULATING VALVE 

'8' TO 66" WATER VACUUM S/GNAL 



PRESSURE -VACUUM 
RELIEF VALVE 
OPeNS AT 

f" TO 2" WATER PRESSURE 
, S5''T040''WATER\jaaiUM 



VACUUM TRANSMITTER 




Fig, 10/10 Vacuum solution feed chlorinator' 
f Courtesy Wallace & Tieman) 



. 10.6 OTHER USES OF CHLORINE . . 

10,60 Odor Control ' • - 

V / . • ^ • > 

Ch'lorination of wastewater for odor control is used to inhibit * 
the growth of odor-prqducing bacteria and to destroy 'hydrogen 
sulfide (H2S) , the most common odor nuisance, which has the 
smell of rotten eggs. Hydrogen sulfide^ in addition to creating 
an odor nuisance, can be an explosion hazard when mixed with air 
in certain concentrations • Breathing H2S can impair your ability 
to smell, and too much will -paralyze your refspiratory center, 
causi^ng death in severe cases • It also can cause corrosion of 
metals andxoncrete, being particularly damaging to electrical 
equipment even in low concentrations. 

The presence of hydrogen sulfide may be detected in significant 
quantiti^es in any collection and treatment system where sufficient 
time is allowed for its development, 'It may be expected to be 
' present most often in jiew systems where flows are extremely low 
in comparison with design capacity, and particularly in lift 
stations where pump operating cycles may be a^ a. low frequency. 
Collection systems which serve la::ge areas often allow time for 
H2S development feven when operating at design capacity. 

The purpose of this* section is not to d.iscuss the reasons for 
odor production, but rather their elimination' or control by 
chlorination; however, 'the correction of an odor problem will 
usually require a decision being made between system modification 
and treatment, .Sometimes ^both' may be requi]>ed. Choices of this' ' 
type often hinge on the costs involved, and it will frequently 
be found that modifications to m&jor system components are far 
more costly than, treatment. When this is the case, chlorination 
is usually the most economical solution. Other solutions include 
the use of air or oz^ne, - , • 

Sulfides develop whenever given time 'to do ^so^ The rate of 
sulfide production increases .with temperature (about 7% on the 
;aveVage with each l^C increase in wastewater temperature), ^ ^ 

The ddors whicfi are controllable with chlorin\ are specifically 
hydrogen sulfide wh^ch can be inactivated by chlorination at 
levels well below the chlorine demand point. This is commonly 
referred to as "sub-residual chlorination". The reason that 
^ this is true is based on the fact that the CI2 + H2S reaction 
precedes most other chlorine-consumitig reactions f Since it is • 
known that bacterial kilJ^ occur at sub-residual levels, it is 
logical that odor-producing'T)acteria can be reduced in numbers 
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without satisfying the chlorine demand, this can be accomplished 
withotrt significantly interfering with organisms beneficial to 
. the treatment processes,^ 

The /quantities of cRlorine required to accomplish control of 
--^dors vary widely from plant to plant and at any given pjririt ^ 
fluctuate over a broad range. ^Hydrogen sulfide is generally 
found in higher concentrations; "when flows .are low. For this 
reason it i? usually not economical to* chlorinate for odor 
control in direct proportion tQ' flow. Tests should be run. over , 
periods which include all the various conditions which could 
possibly affect odof production- in order that a basis for ^ 
treatment may be established.^ 

When the requirements are known, the'^primary -concern is to 
apply chlorine at the propter location. The best locations are 
generally up-sewer ^ead of the p^ant influent structures, 
and up-sewer ahead of lift stations. This is done to allow 
mixing and reaction time before the waste reaches a point of 
agitation. 

Sometimes force mains empty intp tfie gravity sections of a 
collection system several hoursivafter pumping, if odor problems 
'result, a treatment point' should be placed upstream at a point 
where the sewer is still 'unc^er pressure and flowing full; thus 
treatment can be »complet^ed before odors are rele,as'ed to the 
atmosphere. 

Hydrogen sulfide should not be considered merely an odor nuisance. 
^It must always be kept in mind that it can create an explosion 
hazard, it can paralyze your respiratory center, and it shc^^ \ 
always be considered a source of coirosion. For these reasOTS, 
odor masking e^gents should not" bemused except possibly as addi- 
tional treatment for" odors not eliminated by chlorination. 
Excessive use of masking^.^nts^coul^ prevent detectijDn of a 
serious problem condition. 



10.61 Protection bf ^Structures f ■ 

The destruction of hydrogen sulfide in wastewaj^er also -/educes 
the production *of sulfuric acid \hat is highly corrosive to ' * 
sewer systems and structures. 'Fhis is particularly significant 
where temperatures are high and ;time of travel in the sewer 
system is unusually long. . 'Ihe treatment is similar to that for 
odor control: chlorination -sufficient to prevent hydrogen sulfide 
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formation or to destroy hydrogen sulfide that has been produced 
(about 2 mg/1 'chlorine per mg/X of hydrogen sulfide^.. Sulfide 
problems al^o may be corrected by oxygenation in Sewers. The"^ 
choice between oxygenation and chlprination will usually depend* 
on the costs involved. j 

10.62 'Aid 'to Treatment ' ^ 

Among its many uses, chlorine improver t;^eatment efficiency in 
the following ways.- 

, 1' • 

, 10.620 Sedimentation 



Prechlorination -at the influent of a settling tank improves 
clarification by improving settling- rate, reducing septicity^ ^ 
of raw wastewater, and increasing grease removal. Maximum 
grease removal -is achieved when chlorination is combined with 
aeration ("aero-chlorination") . It is an expensive procedure, 
and some studies have indicated that benefits are minimal. 
Generally grease removal" in thi^s manner is <considered a bene- 
ficial side effect or "bonus" reaction to^chlorine which is 
essentially applied' for other reasons. Excess chlorination 
ahea^d'of secondary processes can inhibit the bacterial action 
critical to the process and decrease sedimentation efficiency. 



10.621 Trickling Filters 

Continuous chlorination at the filte?:^ influent controls slime 
growths and destroys filter fly larvae (Psychoda) . Generally 
the chlorine is applied to produce a residual of 0*5 mg/,1 
(continuous) at the orifices or nozzles. Caution should be used 
because some filter growth may be severely damaged by excessive 
chlorination. Suspended solids will increase in a trickling 
filter effluent after chlorination for filter fly control. Also, 
it will be difficult to evaluate filter performance on the basis 
of BOD removals because chlorine can interfere with the BOD test. 
As a general statement, it would be ^ll to look closely at 



^^,Septicity (sep-TIS-it-tee) is the condition in which organic 

matter decomposes to form foul-smelling products -associated 
• with the absence of free oxygen. 
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loadings, operation, and general adequacy of the process when 
filter flyN^hlqrination is continuously necessary, because 
continuous dfiprination may be an expensive alternative for 
adequate desim and operation. 



10.622 Activated Sludge . ^ ^ 

CHlorihation of return sludge reduces bulkinjg of activated sludge 
that is caused by overloading. The point of application should 
be where the return sludge will be in. contact with- the chlorine 
solution for- about one minute before tJie sludge is mixed vrt.t'h-j , 
the incoming settled wastewater. Chlorine is also_commonly ' 
used to control filamentous organisms. Again, chlorine used in--^ 
this manner is an expensive- alternative for adequate design and 
operation. The main affort should be directed toward process 
improvement, considering chlorinatibn mainly as an emergency 
solution.* Never forget that chlorine is toxic to organisms that ' 
are needed to treat the incoming wastes, 

10.623 Reduction of BOk^ * K 

Chlorination bf raw wastewater to produce residual of 0.5 mg/^ 
af*ter 15 minutfes of contact may cause* a reduction of 15 to 30% 
isL thei BOD of the wastewater (Baity, 1929), Generally :a reduction 
o^f ^t least 2 mg/1 of BOD is obtained for each mg/1 cff^lorine 
absorbed up to the point at. which the residual is produced.* 
Snow (1952) has shown that the BOD reduction also depends on the 
condition of the wastewater. He reported a 10% reduction in 
fresh wastewater and a 25 to 40% 'reduction in stale wastewater. 
Both real and apparent ^pffects of chlorination are evident 4^ the 
wastewater and in- the tfes^ .bottle. ]^ 

QUESTIONS 

10. 6A How can odors be controlled? Why? 

10. 6B How can sulfuric acid damage to structures be mini- 
mized or eliminated? Why? 
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a. • MOP 11, pages 127-135*. r 
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c. Texas Manual, pages 397-412^. 

d. ••Chlprine--Safe Handling*^ PPG Industries, Inc., Chemical^ 
^^^VDivision, One Gateway Center, Pittsburgh, Pennsylvania 15222. 

e. Cnloriiiation Guide, Water and Sewage Wbrks Magazine, Scranton 
Publis)iing Company, 355 East Wacker Drive, Chicago, Illinois 60601. 
Prior, $1.25. ' • . ' 

f. Chlorine Manual (4th edition). The Chlorine Institute, Inc., 
^2 Madison Avenuer-J^eiy York, New York 10017. Price $0.75. 

g. Safety in Waste Water Works, MOP No. 1, Water Pollution Control 
Federation, 3900 Wisconsin Avenue, Washington, D.C. 2ff016. 
Price to WPCF members / $0.7Sj others, $1.50. 

Films on chlorine safety also are available from the Chlorine Institute 
and PPG Industries, Inc» 
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■ ^ CHAPTER 11. ^MAINTENANCE 



jsson 6 of '6 Lejjsons) 



11,2 FLOW MEASUREMENTS— MEIERS AND MAINTENANCE 



11.20 Flow Measur ements J Use and Maintenance^ 

— ; ; f ^ ^ 

F16w me^urement is the determination of the quantity of a mass in . 
movement within a known length'^ of time (Fig, 11. 19.). Usually the 
ma.ssr-which may be solid, liquid^ or gas is contained within physical 
• boundaries such as tank^,. pipelines, and open chaime'is or flumes. 
The limits of- such physical or mechanical boundaries provide a 
measurable dimensional area that the mass is passing* through. The. 
speed at which the^mass passes through- these boundaries is related 
to dimensional distance and units of time; it is ref€(rred to as 
velocity . TTierefore, ,we have the fcasic tlow 'formula^ 

'Quantity = Area x Velocity* 

Q = AV ' 



or 



Q,cu ft/sec = ,(Area,'sq ft) (V, ft/sec) 



The performajice of a treatment facility cannot be evaluated ot ■ 
compared with other plants without flow measurement. Individual 
treatment units' or processes" in a treatment plSxjjt rau^t be observed 
in terms of flow to determine their effitiency axvi loadings. Flow, 
measurement is important^to plant operation as well'as'to records -of 
operation. It is essential that the* devices used for such measurement 
be understood, be used properly^ and most important, .be< maintained so- 
that information obtained is accurate and dependable. 




AREA 



Fig. 11. Ip Flow mass\ 



r 



■J - 

11,2.1 Manufacturer^' and Operators,' ^Responsibilities 

Equipment and instrument ^manuf actu?ers should be required to^ 
furnish instruction manuals and parts lists, Jn the^parts list \ 
it should be required that^the maituf actufer designate tecommen'ded 
spare parts, and such parts shotild be obtained ^aiid be ^v^lable 
for use, *V * . ' 

Instrumentation an(J f lo\jt>iieastirement devices should be considered 
as fragile mechanisms. Rough ^handling will damage* the units in 
as serious a manrte'r ^s does neglect, treat th^e devices with care, 
keep them clean, and they will perform' their'designated functions 
with accuracy and dependability/ * . . 



- V 



1 1 , 22 Various Devices for Flow Measurement. 



The selection -of a type of flow metering device , and its location, 
is made by the designer in thj. case of new' plant construction. It 
is also possible, that a metering device will have, to be added^ to 
an existing facility. In both'cases the^ various types available, 
their limitations, and criteria for installation should be known*^ 
Often the criteria for installation must^be understood for 'the 
proper use and maintenance of. a flui^ flow meter, 'Metering devices 
commonly used in treatment facilities include: 



Type 

Constant 
Differential 

Head Area 



Common Name 



Rotameter 



Weirs ^ 
Rectangulair" 

. Cipoletti 
V-Notch 
Proportional 



cation 



Liquids and ^Gases 

a,' ' Chlorination * ^ 

' Liqaids — partially filled 
\ channels, basins,' or clari- 

' a, 'InfluenV 
bi * Basin control 
c, ^Effluent * 4. 

dT^ - Distribu.tion 



Velocity 
Meter 



Flumes^ «^ 
Parshall ^ 
Palmer-Bowlus 
Nozzles ^ \ 



Propeller 




Liquids--paf tially fille«l 
pipes and' channe^is 
, a, ^Influent - 

b. •Basin cpntr61 

c. Effluent ' 

d. 'Distribution 

Liquids^chaiinel flow , 
cleapr^atex piped flow 
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Common Name 



Application 



Velocity 
Meter 



Magnetic 



Differefttial 
Head 



Displacement 



Shunt flo 



Venturi Tube 
Flow Nozzle 
Orifice 



Piston 
Diaphragm 



Liquids and sludge in 
closed pipe 

a. Influent 

b. ^asin control 

c. Sludge recirculation 

d. Distribiftion 

Gases--closed pipe 
a. Digester gas 

Gases ^^and liquids 
in closed pipes'^ 

a. Influent 

b. " Basin control ' 

c. Effluent 

d\ Digester gas 
-e. Distribution 

Gases and liquids in 
closed pipes x 

a. Plant 'watep^ 

b. Digester gas \ 



'A description of how each device works is in reality a definition 
of the meter type. - — 

Constant Differential— A mechanical device called the" "float" is 
placed in a tapered tube-iir^the flow line. She difference in pressures 
above and below the float causes, the float ^o move with flow variations. 
Instantaneous rate of flow is,. read 'out directly on a calibrated scale 
^ attached to the tube. - • . 

Head Area— A mechanical constriction or barrier is placed in the open 
flow line causing an upstrep rise in liquid level. JThe rise or "head" 
(H) is a function of velocity of flow and when referenced to empirical 
flow formula provides an ' indicat(ion of the flow r'ate. When first 
S-tarting to pump sludge in a long line, the pressure may increase con- 
siderably ^fore the sludge starts flowing. 

Velocity Meters— The velocity of the liquid* flowing past the measure- ^ 
ment point through a given area gives a direct relation to flow rate. ^ • 
The' propeller type is turned by fluid 'flow past propeller vanes which 
move gear trains. These gear trains are used to indicate the fluid 
velocity or flow rate. The velocity of liquid flow pa^t the probes of 
a magnetic me.ter is related- to electrical formula and. read out as 4:he 
; flow rate through ^secondary instrumentation. (See Section ll'.24.) Pitot 
tubes are used to measure the velo city head (H) in flowing water to 
give the flow velocity (V = /2gH ). (Fig. 11.20) 
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y H where V^'V2gH 




Fig* 11,20 Pitot tube 



Differential Producers- >A mechanical constriction (Fig, 11,21) 
.in pipe diameter (reduction in pipe diameter) is. placed in' the 
flow line shaped to cause the velocity of . flow to increase * ^ 
through the restriction. When the velocity increases, a pressure, 
drop is created at the restriction. The difference between, line * 
pressure at the mete^^let and reduced pressure at the throat 
section is used to determine the flow ra€e Which is indicatJjd by 
a- secorfdary instrument. 



FLOW 




. DIFFERENTIAL 
S ' PRESSURE 



;CONSTRICTION * 

)Fig* 11*21 Differential pro^'ducer' 
. * ■. 

. Olsplacement Units— Liquids or gas enters, fills a tank or " 
chamber of known dimensions, activates a mechanical co'unter; 

. and empties the tank in readiness for another filling. Mech- 
anical gearing activated by chamb<!#fill and evacuation actuates 
a counter which is refei^pced td time and thus flow rate is • 

<^etermined. ^ 



■325 



11-4 



11.23 Metter Location ^ 

The selection of a particular type of meter or measuring device 
and its location in a particular flow line or treatment facility 
is usually a 'decision made by the plant designer. Ideally the 
flow should be in a straigh't section before the meter. In open 
channels the flow should not be changing directions, nor should 
waves be present in the metering section above the measuring 
device. Valves, elbows, and other items that chould disrupt the 
flow ahead of a meter can upset the-accuracy and reliability ot 
a flow meter/ Most, flow mgters are calibrated (checked for • 
accuracy) in the factory, but they also should^be checked in 
their actual field installation. iVhen a properly installed and 
field calibrated meter starts to give strange results, check for 
obstructions in^the flow channel and the flow metering device. 



; . QUESTIONS 

11. 2A Itfhat is flow measurement? . ' \ 

11. 2B Write the fundamental flow formula. 
11. 2C IVhy should flow be measured? 

m 

11. 2D List several types of flow , measuring devices. 

11. 2E 'If a flow meter do^s nbt read properly, what items 
should be checked as potential causes of error? 



11,24 Convfersjon and Readoijt Instruments and , Controls 

Conversion and readout instrumentation is used to convert the initial 
measurement (for example^ depth of watet) to a more commonly iised^ 
number or^ value (depth ^of Water in a^^Parshall 'flume to fl^ of water 
in MGD) The typ^ of device depends upon what the sensoi^ .f device^ 
measures and what kind of results are desi^'d. Often the conversion 
device only will transmit the signal (depth of water) to another 
meter which- will interpret the signal and convert it to a usable 
number (flow, in MGD) • Instruments used with flow measurement equip- 
ment are cfassified as transmitters, receivers, recorders, -controllers 
and summators or totalizers, AJl of the .differeqt devices 'available 
are toe-^^um6'rous to Ust. Most devices used today will fall into the 
classifications outlined in the following paragraphs. 



it, 240 Mechanical Meters %r * » • ' 

Mechanical meters are those devices which measure the varia*ble 
flow indicator and .convert this value into a usable number. Con- 
version 'of the flow variablQ^ to a scale or metei; giving the usable 
number ma^T^ by^ gear train«',^%hydraulic connections, magnetic 
sensing, , electrical connection's, and many other devj^ces. ' , . 



.11.241 Transmitters' ' ? 

transmitters spnd the flow variable,^ as measured by thd^easuring 
device, to another device for conversion to a usatjle number. 
Variables are"transmitted_ mechanically, e lettricaljy, and pneu- 
matically, y 

ll.?42 ^ Receivers 

Receivers pick-up the transmitted signal and convert it to a usable 
number. Recefivers may present the measurement as. an instantaneous i 
flow, rate, record the flow on a chart against time, and total or sum 
the flow during a time periods Reoeiver*- may^have one, two, or all 
three of these features. ' . ^ • 

" • ■ «^ ^ . . ■ •. . 

11.243 ^Controllers% ^ | 

CoQtroll^rS Jre similar ta receivers ex^pt they are capable of 
comparing received signals with other va]u<^s 'and sendii^g^corrective 
or adjusting signals when necessary. The compared value mdy be 
manually set or it may be based on an'other received signal. The ^ 



0 



correction or adjustment may l?e proportional to the size of the 
|.- deviation of the compare^ values,' may be a gradual adjustment, 
^ .or may provide a predetermined correction based on the size of 
, the deviation and your objectives. « 

SelfedrloTand adjustment of controllers 'should be done -by a 
^ specialist in the field or* the manufacturer's representative. 
Mamteliance must be ^done according to manufacturer's instructions 



'11»25 Sensor Maintenance ' 

Each- individ ual sensing meter will have its owfi maintenance require 
In any instrument, the sensor is the most common source of 
problems. Fortunately, the electronics or drive are easy to check. 
The important andjpommon mainte]^ce requirements are tabulated 
below in relation to meter types. Not all the maintenance problems 
can be listed. It is a proven fact that if preventive maintenance 
IS regularly applied the uncommon proMem is a rare occurrence. 

The most important single item to be considered in maintenance is 
good housekeeping. This must take many forms since it is applied 
tW various devices. Good housekeeping, the act of providing pre- 
vei^tive maintenance for each of the various sensors, includes being 
sure that foreign .bodies are not interferin-g with the measuring • 
device. 'Check for and remove deposits which will accumulate from 
jiormal use. Repair the sensor or measuring device whenever it is 
damag'ed. 

''Common preventive maintenance suggestions: 



Motor* 



Constant Differential 
Rotameters 



Head Area * • 

Weirs : 
Rectangular 
Cipoletti 
V-Notch 
Proportional 



N 



Suggest ed Maintenance 

lii's assemble and clean. tube and float 
when deposits are observed. 



Flow formula* is based on square 
clean edges to the meter shape with 
free fall over the weir. Clean and 
brush off deposits as^ accumulated. 
Keep cflear of foreign bodies and 
interference • 



r 
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Motor Type 

Head^re^ 

Flume&: 
Marshall 
Palmer- Row Ills 
Nozzles 

Velocity Meter- 
Propeller 

Shuntflo 



Magnetic 



Differential 
Producers 



Displacement: 



Suggested Maintenance 



^ 'Normally used with flo^t wells, keep 
*\ sensor line between well and flume ' 
cleah; clean off deposit-s. 



Should not be used-^ on ^anything but 
clear water. Grease and chefck yearly* 

Keep dampening ohamber fluid level to 
line; periodically' drain- to remove 
collected Pediment. 

Mai^ufacturers are providing various*' * 
cleaning mechanisms to clean the 
internal parts regularly. If you as 
an operator eianually operate, be sure ^ 
to perform maintenance on schedule,; 
if automatically, check action fre- 
quently. ^Provide for periodic meter 
femoval from line and physically 
clean meter. ^ 

Venturi, nozzle, and orifice hydraulic 
connections should be back-flushed 
regularly* Iijstdllation -should be 
arranged for internal surface cleaning 
on a reasonable schedule. 

Periodically cirain and flush* Keep 
greased as necessary; check frequently 
on operation. * 



External connections between the sefnsing and conversion and readout 
devices shopld be checked to ensure such -c^'onnect ions are clean in 
appearance and connections are firm. Be sure no foreign obstruction 
will interfere or promote wear. On mechanical connections, greas^e 
as directed; on Hydraulic or pneumatic* connections , disconnect surd 
ensure free flow it the internal passage. 
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11* -26 Conversion and Readout Instrument Maintenance 



Both the methanically actuated unit and the ^transmitters will have 
direct sensor connections • Cleaning and checking on a tegular 
schedule is essential to avoid problems* with the usual accumulation 
of foreign material. Maintenance for the intenral parts to either 
device is. minimized when the sensor coijnections are clean and 
operablg. Normal wear will occur and is increased when sediments 
and deposit^ are not removed regularly as directed. Lubricate 
mechanical components as-directe'd by the equipment manufacturers' 
instrument manuals • Do not oyer- lubricate, because it causes 

other difficulties equally 
'as troublesonle as unt! t- 
lubrication* 

Receiver maintenance is 
limited to periodic check- 
ing of mechanical parts, 
proper-i lubrication, and 
good*housekeeping within 
the unit. Moisture 
should be eliminated^ by 
heat if required; Pneumatic 
^ instx:uments should be watched 
carefully to ensure that * 
foreign particles which 
migh*t be introduced by the 
air supply do not cause 
clogging in the actuating 
elements ♦ Pneumatic systems 
are" usually protected by air 
filteVs or traps ^t the 
supply source and- individual units at the instrument. Filters should 
be cleaned and blown down on a regular schedule to ensure their efficient 
operation in cleaning the air supply. In, the case of clogging of. 
small orifices and devices of the pneuma^c system, do not attempt to 
pressurize .^the system at higher than normal operating pressurfe for — ' ' 




cleaning , buch action will damage internal' partis > hoi'iow procedures 
as outlined by the manufacturer , and as shown in the instructidn manuals. 

Most reputable manufacturers are -equipped to provide repair service 
in the;case of worn parts, or mechanical failure. It is -recommended 
that mapor service be left to trained employees, of the manui^acture'r . 
It is preferred that manufacturers have, field service available for ' 
repair on the plant premises; however, if such service is not avail- 
able, the device should be returned to the factory, 



Many manufacturers have a maintenance oon tract service available 
wherein a trained service employee periodically, on a prescribed 
schedule, checlcs t!^e instrument in all ways including accuracy 
and wear factors. Such periodic checking allows for replacement 
of parts prior xtQ a complete breakdown. Parts which would normally 
wear over a;time period are replaced by this -serviceman who will ^ 
anticipate such need from an experience factor. « ^ , 



Do not attempt ii)strument service, parts replacement, or 
repair work unless you have read the instruction manual 
thoroughly and you understand what you are doing. Follow 
the procedures as $et forth in the instruction manual care- 
fully. , ' ' ^ 



All instruments are connected to a ppwer supply of some soyrce,' 
That power supply is potentiatly dange.rous unless handled properly. 
Be sure all electrical power is shut off and secured so that- 
others cannot unintentionally -^witch' the source on. On electrical 
and electronic devices the electrical power used and/or generated 
within the device ^3 exceptionally dangerous, both to the man v 
and to the other component equipment. Do no^t attempt service 
unless you are qualified to do so. 

Recording charts often seem to accumulate at a* rapid rate, and a 
decision must be made^ whether to store or destroy old records^ 
Inconvenient as -it^ay bB, recx)rds shpuld be retained.' They are 
the backbone of reference information needed for future planning 
and plant expansion -when necessary. Above all, if properly used, 
they are an index for efficiency jf^iecks unparaMeled^in valuei ^ 
Storage space ma^ be minimized by preparing summary records, Micro- 
film photocopy, or ^elective sampling and storage of the usual and 
Unusual. 



QUESTIONS 



11, 2F IVhat is the purpose of transmitting instruments? ^ 

11.2G What is the >most importfint item in maintaining flow ^ 
meters? * . 



11, 2H^ Ifliat should you do with old recording chart records? 
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CHAPTER 12. PLANT SAFETY ANd'gOOD HOUSEKEEPING 
(Lesson 1 of 3 Less^ons) 



12,0 INTRODUCTION— IVHY SAFETY? 

A cat may^have nine lives, but you have only one I Protect it I 
Others may try, but only your efforts in thinking and acting 
safely can ensure you the opportunity of continuing to live your 
single life!. ; , . 

You are working at an occupation that has an accident frequency rate 
second only to that of the mining industry! Not a very desirable 
record,' . ^ ^ ' , 

Your employer has the responsibility of providing you with a safe ' 
place to -work But you,* the operator who has overall responsibility 
for your tr^ajtment plant, must accept the task of seeing to it that 
your plant maintained in such a manner as to continually provide 
a safe pl^ to work. This can only be done by constantly thinking 
safety , ■ ^ ^ 

You have the "responsibility of protecting yourself and other plant 
personnel or visitors by establishing safety procedures for your 
plant and then by seeing that they are followed. Train yourself to \ 
analyze jobs, work areasf and procedures from a safety' standpoint . ; 
Learn to recognize potentially hazardous actions or conditions. IVhen 
you do recognize a hazard, take immediate steps to eliminate it by 

corrective action. If correction 
is not possible, guard against 
the' hazard by proper use of warn- 
ing signs and devices and by the 
establishing and maintaining of 
^fety procedures. As an indi- 
^^idual, you can be held liable 
£oi^njuries or property damage 
as a result of an accident caused 
by your negligence. ' 

RE MEMBER ; "ACCIDENTS DON'T JUST 
HAPPEN— THEY ARE CAUSED"!^ How 
true it is! Behind every accident 
there is a chain of events which' 
lead to an unsafe act, unsafe 
^'condition, or a' combination ('f both 
THINK SAFETY! 
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^ ^ Accidents may be prevente'd \>y using good common sense, applying 

a few basic rules,- and particularly by acquiring a good knowledge 
' of the hazards peculiar to your job as a plant operator. 

The Bell system has ono of the best safety records of. any 
industry, A ^vari^tion of their successful ^policy statement 
is: ^ * . ' 



'^There is no job so important 
nor. emergency so great 
that v/e cannot take time 
to do our^work safelv." 



\ 



Although this chapter -is intended primarily for the wastewater 
treatment plant operator, the operators of many small plants 
have the responsibility of sewer maintenance also. Therefore 
the safety aspects of both sewer maintenance and plant operation 
will be discussed. ' " - ^' 



12.1 KINDS OF HAZARDS ^ ^ 

You are equally exposed* to accidents whether working on the 
.collection system or working in a treatment plant. As a worker, 
you may be exposed to: - * , 



1. 'Physical injuries ' 

2, Infections and infectieus^ diseases 
3., Oxygen deficiency \ 

4. Toxic or suffocating gases or vapors 

5. 'Radiological hazards 

6. Explosive gas mixtures 

7. Fire 

8. Electrical shock 

9. Noise 



12.10 Physical Injuries 

The most common of physical injuries are cuts, bruises, scrapes, 
and broken bones. Injuries can be caused by moving machinery. 
Falls from or into tanks, deep wells; catwalks, or conveyors cart 
be disabling. Most of these can be avoided by the proper use^of ^ 
ladders, hand txiol-s, and safety equipment, and by following estab- 
lished safety procedures. , 
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12.11 Infections and Infectious Diseases^ 



Although treatment plants and plant personnel are Certainly hot 
expected to be ''pristine pure'', personal cleanliness is a great 
deterrent to infections and infectious diseases. Immunization 
shots for protection against typhoid and tetanus are essential. 

Make it a habit to thoroughly wash your, hands before eating or ' 
smoking, 6r going to the lavatory. If you have any cuts or 
other broken iskin areas on your hands, wear proper protective 
gloves when in contact with wastewater or sludge in any form. 
Bandages covering^ wounds 5hoiild be changed frequently, 

i 

Do not wear your work clothes home, because diseases may be 
transmitted tp your family. Provisions should be made in your 
plant for a locker room where each 'employee has a locker. Work 

clothes should be placed 
r^^^^^ rj /\ hung in lockers and pot 

^ l^W^ ^ yf? ✓ thrown on the floor. Your 

work clothes should be 
cleaned at least weekly or 
more often if necessary. 

If your employer does not 
supply youNith uniforms, and 
laundry service and you must 
take your work clothfes home, 
launder them separately fjom 
your regulay family wash. 

All of these^precautions will 
reduce the possibility of /ou 
and your familj^ becoming ill 
because of your contact with 
wastewater. 




You must, att^pt to> avoid skin infections and infectious 
^diseases such as typhoid fever, dysentery, hepatitis, and 
tetanus. 




\ 



12.12 Oxygen Deficiency 

Oxygen deficiency may exist in any enclosed, and particularly 
below grade (ground level) ,^unventiitated structure where aT' gas- 
heavier than air, such as carbon monoxide, has'^displace'd the" air. 
\ — . ^ 1 

WWfeT4Ag:I? A MANHOLE , -^^OAAPRJMr; Oie 
CPr\^^^^ ^.TRUCTUEe WITHOUT fWOT 

■ * PQO\/\U\HCx VaMTlLATiOM. 



Ventilation may be provixled by fans -or blowers, * Equipment is 
available to measure oxygen deficiency a^d must be used whenever 
you enter a potentially hazardous area* Try your local fire 
department for. sources of thi's type of equipment in your area* . 



12.13 Toxrc or Suffocating Gases or Vapors 

Toxic or suffocating gases may come from industrial waste dis- 
charges or from' the decomposition of domestic wastewater* You 
must become familial with the waste discharges into your system. 

On pages 174 and 175* of The New York Manual, Table id. Common 
Dangerous Gase^ Encountered in Sewers and at Sewage T:^%atment 
Plants, contains .information on the -simplest and cheapest &afe 
, method of testing for gase^. ' ^ 



12jl4 Radiological Hazards 

The newest of hazards to plant operators is^ a result oi thp in 
creasing use of radioactive isotopes in hospitals, research labs, 
and various industries. Qieck your sewer service area for the 
possible 'Use of these materials. If you are receiving a discharge 
that may contain a radioactive substance, contact the contributor 
of the discharge. He will usually cooperate with monitoring this 
type of waste. ' 
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12.15 Explosive G^s Mixtures 



Explosive gas mixtutes may develop in confined ar.eas in treatment 
plants from mixtures of air and methane, natural gas, manufactured, 
fuel gas, or gasoline vapors. Explosive Ganges can -be detected by 
using a combustible gas indicator. Avoid explosions by keeping 
open flanfes away from areas potentially capable of developing ex- ' 
plosive mixtuips' by providing adequate ventilation with .fans or - 
blowers - ' . . ' 



12.16 Fire 



Burns from fii^es can cause very serious injury. Avoid the acciunuUtioi 
of flammable material and.«tore any material of this type in approved 
containers at proper locations. Know the, location of fire fighting 
equipment arid the proper use* of the equipment. 

12.17 Electrical Shock 

Electrical shock, frequently causes serious injuiy. Bo not attempt- 
to repair electrical equipment unless .yrou know what you are doing., • 



12.18 Noise f/^ 



Loud noises from gas engines and gas or elfectric ^blowers can cause 
permanent ear damage. Operators an d^ maintenance men n®st wear the 
projjer ear. protecting devices whenever working in noisy dreas for • 
any length of time. " • ^ ■ 



QUESTIONS 

12. lA How can you prevent the spread of infectious 

diseases from your job/to you and your family? 

you do before .eiYterjng.an unventilated, 
-.'..enclosed structure? ^ '• ^ 

12. IC What are potential sources <Jf toxic or.^uffocating ' 
gases or vapors? ' ■ m 
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CHAPTER 12. PLANT SAFETY AND GOOD HOUSEKEEPING 
(Lesson 2 Of 3. Lessona) 

It 

12,21 Treatment Plant's and Pumping Stations 

Because hazards fo^und in pumping stations are identical to those * 
found in treatment plants, the items discussed hereafter may be 
applied to both Situations, " , ^ . 



12.210 Headworks 



Structures and equipment^ in this category may donsist of bar' screens 
racks, comminuting or grinding equipment;, punj/ rooms ,i%wet pits, and 
chlorination facilities/ * I ' * • ^ 

1. Bar Scrfeens or Rack's . These may be<jeither manuallyS^jr' auto- 
matically cl/eaned. When^manually cleanin^\screens '.or racks, be 
certain that, you have a clean, firm surface xro-s-tand upon. Re- 
^ move all slimes, r&gs, gifeases, or other materia^ that may cause 
you 1;o sli^. GOOD HOUSEKEEPING IN THESE AREAS IS MANDATORY. 

When raking screen^, leave pjenty o£-*room for the .length of your 
' • • rake handle s'o as "not to be thrown Mf balance by striking a 
• wall, ftailing^ Jor light fixture*' Wear gloves tot avoid severs 
^roin the rake Handle'' or scraping yoiir knuckles' on concrete. 
'V i^^I^X^^ allow ^an infection to enter your body. <} ^ 

^lace ^llVroateig.al^,in;,9. container^that may be e.asily removec^^- 
* from* th^^stfruc^i?e^ :^^Db not ay to build up on the 

If your* raak krea/is^ ^rovi,(ied wit^iy.rallings,- check tp see *that 
they are properly ajnj^ored-bie^forer jaqu* 1 against them, If • 
removable safety 'thain^j^^e^prpvi^fed, never use these to lean 
against or as a means ^^^^tmx^^;fi^ extra leverage for removing 
large amounts of'-mate^^rl. • '^^ — ^^-^1 

A hanging or mouiyfc^^ br;a*cket of^'^some type should be used to\ 
hold the rake in us^ Do .;fot leave it lying on the 

deck. • ^ ' " *' i . ' 

If mechanically raked sc^en§ or- racks are installed, never 
work on the electrical or mech^ical p^rt of this equipment 
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without first turning" the unit offi^^by means of a push- 
button lockout for momentary stoppages^j^^and by turning 
off, locking out, and tagging the main circuit breaker 
if it is necessary to remove or make a major adjustment 
or repair to the unit. 



f-A^aMEP To T4Ae ^12-a:Ak:^R 
\AAV\PU& AMP ^UOULp &gOP A' 

' MAM WOf^K\M<^^ OK eoa l-PMeNTT'' 
4^^&^^^iai}X^B^ |2,Z AMD 12.2,> 



The time and datgj the unit was tuimed off should be noted 
on the tag, as well as the reason it was turned off. The 
tag shbuld be signed by the. man who turned the'unit 'off . 
No one should then turn on the main- brealcer and start the 
unit until the tag has been removed by the person ^who p>laced 
it there, 9r until he has specific instructions. from the 
person who tagged ^ the breaker. Your local Safety equipment 
supplier can obtain these tags fcwr you. , ' * 

2« Comminuting or Grinding Equipment . This equipment may consist 
of barminitors , , comminutors / grind^s , or disintegrators. 

NEVER work on the mechanical or electrical parts of ' the unit 
.without first' locking out the unit, at either a push-button 
lockout or the main circuit breaker of the control panel. 
Be certain the breaker is properly tagged as ^explained in the 
previous section. . " ' . 

I Good hotisekeeping is essential in the area of comminuting 
\ equipment. Keep all walking ardas clean and free of slimes, 
: • oils, greases, or other materials. • Ho^e down all spills 

immediately. Provide a proper place for equipment and tools 
used in this area. 

See that proper guards are installed and kept in place around 
cables, cutters, hoists, revolving gedrs, and 'high-speed 
' * equipment such as grinders. If it is necessary to remove the 
'^guards prior to, making adjustments on equipment, be certain 
that they are reinstalled 'befor^ii'estarting the unit. 
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DO NOT 

START 
THIS EQUIPMENT 

BEmo 

REBAIRE6 



\ 



STATE COMPENSATION 
, INSURANCE FUND . 



V 



~0F 
CAUFORNIA 

A-l 



Fig.; l^f. Typical warning tag 
(Source: State Compensation Fund of California) 



<^ O t*y 



MAN 
WORKING 
ONtlNE 



DO NOT CLOSE THIS 
SWITCH WHILE THIS 
TAG is DISPLAYED 



SIGNATURE : ^^^^^ ^ 

This fs the ONLY person authorized to remove this tag. 
r 

INDUSTRIAL INDEMNITY/INOJSTRIAL UNDERWRITERS/ 
INSURANCE COMPANIES 

' '4E210— R66 



Fig. 12.3— Typical Warning Tag CCon't)'. 

Source:' Industrial Indemnity'/Industrial Underwriters/Insurance Cos. 

4 • ■ 
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Pump Rooms , The same basic pregautiot^ apply here as they 
io to^^any type of ^enclosed room or pit where was'tewater or 
gases? may enter and accumulate. 

Always provide' adequate ventilation to remove gases and supply 
• ojcygen. If the room* is belovj^round level and provided withr 
only forced airWentilStlBrfJoe certain the fan is on before 
entering the area. Wear a harness with a safety line (as 
for manhole work)* when *entering^its , wet wells, tanks, ahd. 
l)e low-ground pump roofos, y 

Jhe to^s of all -stairwells or ladders should be protected by 
a removable safety chain. Keep this chain in place when the 
s^tairwell or ladder is not being used, ^ ^ . ' 

Never remove guards frbm|mmps, motors,, or other equipment • 
without first loc'king put or'tuming ojff^ equipment at main^ ^ 
breaker and properly t^^gging, Always replace all guards 
before starti^ig unit^ ^ * . ' 

•Guards should be installed around all rotating shaft couplings, 
belt drives, or other moving parts normally accessible, v 

Maintain good* housekeeping in pump room,. Remove all oil and 
grease, antf^clean up spills immediately. 

If you have a mult i- level pump building, never remove and . 
leave off equipment removal hatthes -unless you §;re acti^aUy 
removing or .r^^Jacing equipment. Be sure to provide barricades 
or popes' abound the openii^/ to prevent falls. Be extremely 
cautious when working aroiind openings that have raised edges. 
These \4re hazardous because you can stumble over them easily* 



Never start a positive displacement pump against a closed valve ,^ 
On piston pumps, the yoke over the ball check could break and 
endanger personnel in the vicinity, . ^ 

All emergency lights used in these areas should be explosion 
proof. Be sure to keep light shields in^place and replace 
immediately when broken. Permanent lights should be of an 
apjproved explosion-proof type,. Until- the are has been checked 
for an explosive atmosphere, NO OPEN FLAMES (such as a welding^ 
t'orcK!) OR SMOKING SHOULD BE ALLOWED^ T~ . 
•it « i '# • 



Ox; 
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CAUTION 



-^iAv our c?f^ -Tm^ iM^iii^e of^ALu 

gH^Crf?ICAU PAM^U^. If^ VOU PO NOT W^NDW 
015 MOT -f^AMlL/AR \AJ irH T44^ eQU\PM^ 
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Wef" Pits --Sumps , Covered wet pits or sump^ are potential • 
death traps. Never enter one by yourself. Use a safety 
,hamess and have sufficient personnel available to lift 
you out. . Always use forced air to ventilate the area, and 
check for e.xp^lpsive gases and oxygen deficiency before 
entering. Also, be particularly alert for hydrogen sulfide 
gas. ^Use your nose initially, but do not continue to ^depend 
upon it as you will become insensitive to the odor. ^A 
small, reasonably priced hydro^^en sulfide detection unit 
may-be purchased. .Check With>our local'safety equipment 
supplier. ^ \ ^ 

After you have determined the atmpsphere is safe^ use extreme 
care in climbing up aijd down access ladders to pit areas. The 
application of a honBlip type, coating -on ladder rungs is * 
helpful, J.f available, a truck Koist is safer than a ladder 
for entering pit areas. 

Watch' your footing on^ the floor of pits and sumps. Th&y are 
very slippery. 

Never attempt to carry tools or equipment up or down ladders 
into pivts or sumps. Always use bucket 'and handline or sling 
for this purpose. 

Cfely explosion-proof lightsUnd equipment should be used in 
these areas. 

A good safety practice is to turn off all chlorination, w^iether 
located upstream or directly in sump, and a.ll'ow ample time 
before .entering the'- area. This, with forced ventilation, will 
give time for the ^rea to be 'cleared of chlorine fumes. 
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12 •211 G^i^ Chambers 



Grit chambers may be of various designs, .sizes, and shapes; 
l)Ut they all have one thing, in common: they get dirty ^ Goc^ 
housekeeping is neededl Keep walking surfaces free. of grit, 
grease, oil, f^limes, or other material that will make a slippery^ 
surface* * ^ , . ' 

Before working on, mechanical or ele.ctrical equipment, be certain 
that it is turned off and. properly tagged (Figs, 12,2 and 12.3), 
Install and maintain guards on gears, sprockets/ chains,, or other 
moving parts that are normally access^le. 

If it becomes necessary to enter the chamber, 4)it', or tank for • 
cleaning'^or other work, do so with extreme , caution^ if this is 
a covered area, provide artd maintain adequate, ventilatio^i to ' 
remiVe gases from this area and to supply oxygen to the workers, 
UsQ o'nly explosion-proof lights,- Always cjj^ck for .e^cpiosive 



gases and oxygen deficiency before entering. * v 




Be sure of your footing wheii working in thes^^ structures. 
Rubber b^oots with, a' nonskid* cleat ty^e sole should^.be worn . 
Step slowly and cautiously as th^re is usually .an aCciamulation 
of *slippe34^ material or slimes on the hottom, ^Use hand'^holds 
and railings; if none are avail^le, install them now, / 

' ' y ^\ ^ ' 0 

Use ladders, wh4thet vertical or ships, ladders, cautiously* 
If possible/* apply* nons lip material ox coatings t6 ladder run^s. 
Keep handrails free of grease and ot^her slippery ^ubst^nces*^ j 

If it is necessary to take too^ls or equipment -into the^bottc 
area, lower these in a bucket or sling by handline. Never 
attempts to carry , items up or down a ladder, ' ' ^s. . 



:om 



Chlorlnation safety is discussed in Chapter lOV 

. 1^ ,. 
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•12.212 Clarifiers ogiSedlmentation Basins 



The greatest hazard involved in working on or in a clarifier 
is the danger of slipping. - If possible, maintain a good non- 
skid surface on all stairs, ladders^ and catwalks. This may 
^ be done by using uonskid strips or. coating. Be extremely 
cautiotis during , free zing father. A small amount of ice can be 
very dangerous. > ^ 

Your housekeeping program should include the brushing or clean- 
ing of effluent weirs and launders (effluent troughs) . When 
it-is necessary to actually climb down into' the launder, always 
• wear a harness with a safeV line, .have someone with you. 
fall may result in a very serious injury.* 

Be cautious when working -on the bottom of i clarifier. When 
' hosing down, always hose 'a clean path to. walk upon. Avoid • 
^walking on. the. remaining sludge whenever possible,' 

Always turn of f and lock* out or tuim of#-and ta^ clarifier 
Xjreaker before working on drive unit. ' If neces^ry,' adjustments 
may be made on flights or scrapers while the unit is'iA operation- 
but keep m-mind tbat,_ alt'hough^hese are moving quite slowly, " ' 
there is tremendous .power behihd th^ir movement. Stay clear of 
any ^situation whfere-yjjur body |or the tool's you 'are using may get * 
caught 'under one of the flightK^or scrapers. 

Guards'- should 'b'e installed over or around ,ajl. gears, \chains", * 
sprocket^elfs, or other moving payts. Keep these in place 
iwheneverpie unit is in operation. • . • j 

Raiiing should be' installed along 'the tank side of all normal 
V walkways. ^If th^ unit is elevated above^ ground, railings shoujd 
. be instaHpd along the outside- of- all walkways ,• also. Check with 
j^our State Safety Office for recjuirements. on railing installation. 

' " ■ . 

1^^213 pigesters and Digestion Equipment'* ' . ^ 

bigqip'ters and th«ir related equipment include, many hazardous areas 
and potential danger§. - ' . • 



J 



Also see. "Safe Work Procedure No; 2., Entering and Working in 
Digesters", Jour. Water ^Poll. Contro-l* Fed.', Vol. 42. No.* 3 
.Part 1, p 466 (March 1970). ' . • / ' 
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No smoking and no open flames should be allowed in tjie vitinity * 
of digesters, in digestion cqntro'J. buildings, or in any. other 
areas or structures used in the, sludge dige'stion system. This 
includes pipe gallefies, compressor or heat exchanger rooms, 
and others. All^hese areas shjpuldT&e -posted with signs in a 
conspicuous place which forbid smoKing and op^ flames. Methane 
gas produced by anaerobic cortditions is explosive when mixed with 
the proper^ proportion of air , ' • ► ^ ^ 

All enqjosed rooms or' galleries in this. system should be well 
ventilated, with forc'ed air ventilation. Before entering any 
enclosed area or pit^ which is act ventilated, a ch'eck shojuld be 
made for explosive gases and hydrogen sulfide/ Do not depend . 
upon your nose for hydrogen sulfide (H2S) detection in Ihese 
areas". A small amount of H2S in. the air will mdke yoiir seixse 
of smell immune' to the odor' in a short 'perio'cl of time. Use* an 
H2S detector. ^ ^ . ' 

>« 

* ' . . • 

IVhen ybu are working in these areas, forced air ventilation with 
a portable blower^should be provided. Again, do not go into an 
area by ^yourself where H2S is. present. Have someone watch you. 

Nevet. eater a* partially empty^ or completiely empty digester with-* 
out first thoroughly ventilating the ^tructure and then checking 
for an explosive .atmosphere and the presence of hydrogen sulfide 
g^s. Explosion-proof lights *anid noksparKing too Is ^ and shoes 
should always be ufied when working around, on top of, pr in a 
digestetr unless ' it has been completely cleaned and emptied, 
continudusly ventilated by a blower, and* constant checks are 
made of the- atmosphere in the tank, " . ' 



husrvea Auo\A^ 6/tAokiM6 oQ OPEN -(^-tAMe^ 



Be ce.rtaiijk that guardrails are installed along the edges of the 
digester roof or cover in are^^ where it is necessary to work 
close to the^edge,*- A fajl from the^op of ^ digester could be 
fatal. ' * • * ' ' ' 



5 Nonsparking tools are especially manufactured for uSse in areafe* 
where potentially explosive mixtures . of gases may be'^present. 
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When working on equipment such as draft tube mixers, compressors, 
diffusers, etc«,be certain that the unit which operates or 
supplies gas to thBse types of equipment: is properly locked out 
and appropriately tagged (Figs. 12.2 and 12.3). 

If you have a heated digester, read and heed the manufacturer's 
instructjions before working on tlie boiler or heat exchanger. 
Knpw fltat^the gas valve is turned off before attempting to 
light the pilot. Be certain that the fire ibox has been venti- 
lated according to the manufacturer's instry^ctions befpre . 
'lighting the^pilot. 



CAUTION 



WA^ia C5A4 ^UEM^-ie^ AUB NJOT^P f^OR BU)WIM^3 
our Ihsi A AAOP^&RAT-E: IS^B^Q^ZB WOU 

^ rm^B^^MAlH VALVES \AA^ TUIZM^D 
Snc7 TH^ 4rAck: AUUOW^ TO VBf^T 

oR^^?Arofe4 HAv^:.mi7 rn^iiz haiiz anp • 




When becomes necassaty to '"clean tubes or coils in a heat 
exchanger, tuiji the^uni^'-supplying hot water off far enough in 
advance' to allow the he^t exchanger to cool,* Never open the 
unit without doubly checking the water ai^sludge temperatures. 

to Dod 



Be certain that they have cooled down 
lower. 



>dy temperature or 



Before working on any sludge pump, whether it is centrifugal 

or 'positive, displacement, *be ;cej:J:ain that the unit is turned off 

and properly tagged '^(Figs. 12..2 and 12.3)> 

Positive displacement pumps should be equipped with an air 
chamber and a\prQssure switch to shut the unit off at a pre- 
^set pressure. Never start a-positive displacement pump against 
a closed discharge valve because pressure could build up and ' 
burst a line or damage the pujnp. If you have closed this valye 
in order to inspect or clean the pump, double check to be sure 
that it is open before starting the unit^^ 
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Sludge pump rooms should well ventilated to remove any 
•gases that might accumulate from leakage, spillage, or from 
a noLrmal puny cleaning, Ifyou spill digesting 'sludge, clean 
it up immediately to prevent the possible accumulation of gases. 

Provide thorough, regularly scheduled inspection and maintenance' 
of your gas collection system. Inspect drip traps regularly. 
The so-called ^^automatic" drip trap is known to jam open fre-- 
quently, allowing gas escape.. t • . , 

Good maintenance of flam^ arrestors will ensure that they will 
be able to perform their 'job of preventing a backflash of ,the 
flame. . . - , 



QUESTIONS^ ' ' 

12. 2J Hpw can the danger of slipping be reduced on 
slippery surfaces? 



■ j 



12. 2K Why should no smoking or open flames be allowed 
in the vicinity of digesters? 

r 

12».2L ^Vh^t safety pr.ecautiQijs woulfiiyou take, before, 
.entering a recently, emptied digester? 

^12.2M IVhat would you do before relighting a waste gas 
burner? 




12. 2N . Imjc^^hould you never start a positive displacement 
pump -ag^ns t ; a closed discharge valve? 
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12,214 Trickling Filters 

When it becomes necessary to inspect or. service a rotafirxg ^ 
distributor, stop tJ\e flow of wastewater to. the unit arijd. allow 
it to come to rest/ 



Nev^R -^rA^s^p op wal\^ oh the PiisCeu 



Provide an approved ladder or stairway for access to the .media 
surface • Be positive this is free from obstructions s^ith as 
hose bibs, valve 'stems, etc. y . ' 

Extreme caution sKould bemused when walking on the filter media. 
The biological slimes rtjake the media very, slippery. Move 
cautiously aiid be certain of your footing. 



ROTAT I w a- p i^riei &UT012 . ^ 

Although a rotating distributor jnoves ^fairly- slowly j'^e fbrce 
behind it is powerful. An operator who has fallen off" and^^n 
dragged by a distributor is fprtunate if he can walk avray under 
fii^ olm power, - * , ~ , 



.1 





WARNING ^ H 1 







Always wear rubber gloves when handling mercury. When cleaning 
mercury, follow the manufacturer's recoiimiendations . Do so only 
.in the open^ in a well-ventilated room. Be sure to have a tray 
under the working ^area during -mercury clean-up. It is extremely 
'difficult to ^recover "jnercury from the floor. Dry mercury vaporizes 
slowly, and mercury vapors also a're. toxic. 



.3rj 
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Refrain from smoking and eating when handling mercury. Always 
wash your hands thoroughly when finished, , 

When inspecting underdrains, check to determine that the 
channels or conduits are adequately ventilated,' Gases are not . 
normally a problem here, but may be if the-re is a build-up'of 
solids which have become septic, 

* / 

If it becomes necessary to jack up a distributor mechanism 
for inspection or repair, always provide a firm base off :the 
media or drainage system for _th^ jack plate, A firm base may 
be-provided by wuoden planks whicli will spread ti\e weight ovor 
a large area. However, sometimes the only way to obtain firia 
support is toi;eniove---the^e^ia and us^ the drainage system as 
-^f'irm-^raseT^^Remember you^ are lifting a heavy weight. Do not 
attempt inspection or repair work until the distributor has-been 
adequately and properly blocked in its raised position. 



12,215 Aerators 

Guardrails should be installed on the tank side of usual work 
areas or walkways. If the tank is elevated above ground, guard- 
-rails should also be installed on the ground side of the tank. 
An operator should .never go into 'uriguarde*^d a[reas by himself. 

When working on Y-walls, or othe;* unguarded areas where work 
is done infrequent^, at least a two-man team should do the work. 
Approved life preservers with permanently attached har^^llines ^ 
should be .accessible at strategic locations around the aerator, \^ 
You should wear a safety harness with a life line when servicing 
aerator spray nozzles and other items around an aerator. 

An experiment in England found that if an operator fell into a 
diffused aeration tank, he should be able. to survive because, air 
will collect in the clothing and tend to- help keep him afloat,^ 
Drownings apparently pccur when a person is overcdme by the 
initial shock or there is nothing to grab hold lof to keep afloat ' 
or to. pull oneself out of .the , aerator, • 

When removing or installing diffusers, be aware of the limitations 
of your working area. Inspect and properly position hoists and 
oth^er equipment used in servicing swing 4iffusers,' 



^ Kershaw, M,A., "Buoyancy of Aeration Tank Liquid",' Jour^ 
- Water^Poll, Cojitrol Fed.. Vol, 33, No, 11,* p 1151 (Nov. 1961), 
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IVhen it is necessary to^ wdrk in an-empty aerator, lower your- 
self into the aerator with a i^ck hoist-'if one is availaMe* 
Ladders are awkward and dangerous; but portable, ladders must 
'be used, properly position them so that they will not slip or 
twist. A good practice ds tcrtie ^the to| of the ladder so that^ 
it cannot slip. iBe extremely^ careful ^en using fixed ladde-rs 
as they become yery slippery. The floor *<5f- the .aerator also 
iis likely to be extremely slippeiy* 

If your plant is' in an area subject to freezing, weather, be' 
awaije of possible ice conditd^.ip around th^se units and. use 
cautdon accordingly. " - . ' 



12.216, Ponds ^ ' 

^Ponds of any kind present -basically the same hazards. Therefore., 
the following safety measures will apply^ to ponds in general; / 

If it is necessary t<? drive a vehicle oi^ top of the pond levels, 
maintain the roadway in good driving ^condition by' surfacing it 
with gravel of, asphalt. Do not alloWi chuck holes or the formation 
of ruts. -Be extreme*ly cautious in vte^ weather. The material 
used in the construction of most leA^es ."becomes very siippeiy 
when -wet. , Slippery' conditions should^be corrected using crusl\ed 
rock or other suitable material. 

\ • >/ 

Never go out on the pond for sampling or other purposes when b) 
yourself. Someone should be standing by oh £he bank in case you 
ge^ into .trouble. Always wear an approved life jacket when 
working from a boat, or raft on the surface of the pond. And, 
as in any boating activity, do not s'tand up in the boat while . 
performing worfe:! ' ' 
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12.217 Chlorine 



C7AN66C2 -HAWPLe WlT-H CAUTlOM /- 

The most common causes of accidents involving chlorine gas are 
leaking pipe connections and over-chlorinating. 

Chlorine bottles or cylinders should be stored in a cool, dry 
p^ace, away from direcK sunlight or from heating>units. Some' ' 
heat is needed to caus^ desired evaporation and -to control • 
nlDisture condensation on tanks. Chlorine bottles or cylinders ^ 
should never be, dropped or allowed to strike each other with ' 
any force. Cylinders should be stored in an upright position 
and secured with a ch^in, wiYe rope,vof clamp. ^ They should ' 
be moved only by hand truck and should be well secured during 
moving. One-ton' tanks should be blocked so that -they cannot 
roll. They should be lifted (Dnly by an approved lifting bar 
with hooks over the ends of the containers.' Never lift' a 
bottle or cylinder with an i^^provised sling. 

Connections to cylinders and.f^ks^ should be made only with 
approved clamp adaptors or unions. Always inspect all surfaces 
and threads oi the connector before making ^cormecti on. If you 
are in doubt as to their conditions, do not uie the connector. 
Always dse a new approved type-gasket when making a connection . 
The reuse ot gaskets \^ry often will result in a leak. Check 
for leaks as soon as the connection is completed. Never wait ^ 
until you smell chlorine. If you discover even the slightest 
leak^ correct it imAediately, as leaks tend -to get worse rather 
than better. Like accidents, chlorine leaks generally are caused 
by i^ulty procedure or carelessness. . ^ 

Obtain from your chlorine supplier and post in a conspicuous 
Pl , ace ( outside the chlorination room) .the name and telephone 
number of the nearest emergency sprvice in case of severe leak. 

Cylinder storage and chlorinator rooms, should be provided with 
means of ventilating the room. As chlorine is approximately two 
and a half times .heavier than air, vents or an exhaust fan should 
ba provided at floor level. Ideal installations have a blower 
mounted, on the roof to blow air into the room and are vented at 
the floor level to allow escaped chlorine to be blown out of the 
building. • • 
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Always enter enclosed cylinder storage. or chlorinaltor rooms/ 
with caution, If-you smell chlorine when opening the door to 
the area, immediately cl'ose the door, turn on ventilation, 
and seek assistance. ^ f 

Never attempt to enter an atmosphere of chlorine when by 
yourself or vri*thout an approved air supply m<£ protective 
clothing. Aid can usually be obtained from your local fire 
•department, which will normally have available a -self- 
contained breathing appara^tus Which^will allow a person to 
enter safely into an atmosphere of chj-ori^. ^ ^ - 

An'* excellent booklet may be obtained from PPG Industries., Inc.^, 
ChloTine'"-Safe Handling.'^. Safety .information on chlorine 
handling i\ also contained* in Chapter 10, Disinfection and^ 
Chlorinatioh. Your local chlorine supplier will probably pro- 
vide you with all the infDrmation you need to handle and use 
chlorine safely. It is your responsibility to obtain, re^d, ' 
and understand safety information and to practice safety.. 



12.218^ Applying Protective Coatings 

CAUTION I When applying protective coatings in a clarifier 
or any other tank or pit, whether enclosed or open topped, use 
protective equipment tp prevent skin bums from vapors^from . 
asphaltic or bitumastic coatings. ^ This may in^lve the use of 
protective clothing as well as protective creams to be applied 
to e^osed skin areas.* An air supply must* be used, when paintr 
ing inside closed^ vessels or in an open^^eep tank. Many paint 
fumes ar^ heavier than air; therefore,' ventilatiop must- be from 
the bottom upward. » . * ^ ' * * ' ^ 

Check with your* paint supplier for any hazards* involved in 
using his»products. 



^ PP-G Indust;ries, Inc., Chemical Division, One Gateway Center, 
Pittsburgh, Pennsylvania 15222. , - 
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< CHAPTER 12-. PLANt SAFETY AND G OOD^HOUSEKEEPING 
(Lesson 3 of 3 Lessons) * ' . 



n2.3 SAFETY IN TIIE LABORATORY^ 



In ad4ition to all safety practices and procedures mentioned iti 
th§. previous sections of this chapter, the collecting of samples 
^^and the performance of laboratory tests require that you^e aware 
of the specific hazards involved in this type of work. J 

» 

Laboratories use many hazardous chemicals. These chemicals should 
7 be' kept in limited amoujits and used with respect. Your chemical 
supplier may be- able to supply you with a safety manual, ; • ' 

12.-30 Collecting Samples ^ ^ ' , 

IVheriever possible, rubber gloves<*shoul1i be worn when your hands-'- 
may come in direct contact with wastewater or sludge. When you 
have finished saihpling, always ''wash the gloves thwoughly before 
removing them. After removing the gloves, wash your hands 
thoroughly, using a'disinfeetant type soap^ , ^ 



M6Vgt2 COLLECT AM V SAMPLE 4. VAJITH 
V6UR BA-R^ HAHP^. \F VOU HAVE- AM V 



Do , not climb over or go beyond guardrails pr chains wheii collecting* 
samples. Use sample poles, ropes, etc., as'n^cessary to collect 
samples. 



^ ^ Also see ''CRC' Handbook of Laborat,oi?y Safety", by Norman V. 
^Steere, Chemical Rubber Publishing Company, 18901 Cfanwood ' 
. Parkway, Cleveland, Ohio 44128. Price $24.50. 
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12,31. Ec^i;ipmen ^ ^^Set-lJp and Perfoi^ance" of Tests 

Following ai:e same basic procedures to follow^heri working in ^ 
the^aboratbry^: j . ' ' . 

1. Wse proper slafety goggles or fa\:e shield in all tests where 

there is ganger to the eyes^ ' 

' ' ^ 



Kiay^ laoii inro op^^Kj fcMP 



2. 



3, 



Use' care in making rubber- to-^lass connections. ^Lengths of 
glass tiibigfg should be 'supported while they are*being inserted* 
into rubber.' the ends 'of the glass should be Vlanje polished^ 
to is^nooth themjout, and a lilbricant such as water should be 
used^N^veri^ grease or oil. Gloves or some other form of 
prot^ctibn-^r the hands should ^e used when making such 
connections. The tubing should be held as close to the end 
being inserted as possible * to, prevent beJ|Phig or breaking. 
Nevef try to force rubber tubing or stoppers from glassware. 
•"^ tut The. rubber as necessary* to remove it. 

Always check lab.els on bo*ttles to make surje th^t the proper 
chemical is selected. Never permit unlabeled or undated con- . 
tainers to accumulate' around or in the laboratory. Keep ^ 
storage areas org^^ized to facllafcate chemical selection for 
use. Clean out old ot excels chemicals. Separate flammable, 
explosive, or special hazard items for' storage in an approved 
m'anner; See Section 12.9, Additional Reading, Reference 10. 



':4otUTlOM Pi;2^FA.m:?. ALl>pOl'6bAi^ MU^T*. 



^ Elame Polished. Sharp or broken edges of glass (such ^s the end*^*^^ 
of a-g]^ss tube) ar^ flame polished by placing the edge in a flame 

y-anrf rotating it. ^ By allowing the edge to melt slightly, it will-**' ^ 

bedome snfooth., * ' ' ^ • 

^ . ™ ^12-24 ^ - , % » ^ 
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4^ Never handle chemicals with the bare hand. Use a spoon or 
. spatula for thi^ purpose. 



5. Pe sure that yeur laboratory is "adequately ventilatedj' 



Even mild concent^^atioits^ of fumes' or gases can be dangerous. 

^ * ' . ** 

6. Never use laboratory glas'sware for a' coffee cup =or^food dish. 
This is particularly dangerbus when deali?ng with wastewaters, * 

7. Wlven. handling hot equipment * of any kind, always use tongs, as- 
bestos groves,^or other suitable tools. Bums can be painful 
and can cause more problems (encourag'e apills, fire, and shopk) • 

^ . ' ^ (' ' ; • ► * 

8. When worCTng in the lab*, avoid smoking-.and eating except at 
prescribed coffee breaks or at the' liinch period, • 



ALWWi^ THOiedUdHLV WA.<7A VOU^ HAMl^S 



. ^ — 

9, Do not pipette chemicals or wastewater samples by mouth, Aiways 
u^e a suction bulb on an ^ut6matic burette, . ^ * ^ 



10 • Handle all chemieals 
and reagents with 
care. Read and be- 
come familiar with 

^ rarlj-precaul ibiis or '' 

warnings on labels. 
Know and have avail- 
able the antidote . 
for all poisonous 
che|d'cals in .your ' 
lab, J 

11,^, A short section of 
rubb'er tube on each 
water outlet ;is an 
excellent water 
^ f lusher to wash ' 
•awaiy harmful 
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chemicals from the eyes and skin. It is*- easy' to reach and 
can quickly be directed on the exposed area. Eyes and 
skin can.be saved if dangerous materials are ^ washed away 
quickly. - " 

12. sgispose of all broken or cracked glasswa1b]e immediately. 
Chipped glassware may still be used if it is possible to 
fire. polish the ch^p- in otder to eliminaiffe the sjiarp e'dges. 
This'may be done by slowly heating the chipped area unfil 
it reaches a temperature at- which the glass will begin to 
melt. At this ^pint remove from flame and allow to cool. 



NEV^R %\dlD AS\V PlECe OP (5LA'4^4.WAe-B 



Always use a Suitable ^love or tool. 



V 



13. . . ♦ 



14. Wear a' protective , smock or ^pron.when working in the lab^ 
This may save you the cost of replacing your- work clothes 
or uniform. Protective eye shields should^be worn too. 



QUESTIC»^S 



12. 3A What safety precautions would you take when collecting 
laboratory samples from a plant influent?* 

12. 3B Why should you always wash your hands before gating? * 

12 .AC Why should chemicals and reagents be handled with tare? 



. 3'57' 
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12 ,5 WATER SUPPLIES 



Inspe c t -yourpl airt^tD^^s^ee^tf^hiere "^e-a^ 
between .your potable (Hrinking) water and items^ such as water 
seals on pumps, feed water t^ boilers-, hose bibs below grade 
where°they may be subject 'to flooding with wastewater or sludges, 
or any other location where wastewater coulH contaminate a 
domestic water supplyT ^ - ^ 

If any of these or other existing oi? potential cross-connections 
are found,* be certain that your drinking water supply source is 
properly protected by the installation of an approved back-flow* 
prevention device. 

It is a good practice to have yoUr drinking water tested at 
least monthly for coliform groUp organisms. Sometimes the best 
of back-flow prevention devipes do fail. 

You may find in your pl&nt that it will be more economical to 
use bottied drinking water. If ^,*be sure to tack up con- 
spicuous signs that your water is not drinkable. This also 
applies to all hose'bjlbs in the plant from'which you may obtain 
water other than a potable source. This is a must in order to 
inform visitors or absent-minded or thirsty employees that the 
water from each marked location is not for drinking purposes. 




QUESTION 

I 

12, 5A IVhy do .some wastewate'r treatment plants use bottlfed 
water for drinking purposes? 



12.6 SAFETY EQUIPMENT AND INFORMATION 



•Pdst conspicuously on your bulletin board the location and types 
of safety equipment available at /our plant (such as first aid 
kit, breathing apparatus^ e'xplosiometers, etc.}/ You, as the 
plant operator, should.be thoroughly familiar with the operation 
and maintenance of each piece of equipment. You should review 
these at fixed inte^yals to be certain that you can safely use 
the piece of equipment as weU as 'to be sure that' it is in 
operating condition. 

Contacts should be made with->^ur local fire "and police depart- 
ments to acquaint them with hazards at your plant as well as tV 
inform them of the safety equipment that is necessary to cope • 
«ith problems that may arise. Quite often it is possible to 
arrange a joint training session with these people in the use 
of 'safety equipm^t arid the handling of emergencies. They also, 
should^know access routes to and around the treatment plaht. 
« 

If you have any specific problems of a safety nature, do not 
hesitate to contact officials .in your state safety agency. TTiey 
.can be of great ^assistance" to-^ou. And' do not forget your equip- 
ment manufkcturers ; their familiarity with your equipment will 
be of great value to. you. . 

Also posted in conspicuous places in >:pur pl^t should be such 
information as the phone numbers of ytriir fire and police depart- 
ments, ambelance service, chlorine supplier or .repairman^ and 
the nearest^ doctor who has agreed to be available on call. 
Having these immediately available at telephone >ites may save 
your or a fellow worker's life." Check and make sure these 
numbers are listed at your plant. If they are not listed 
ADD THEM NOW. ' * 



» QUESTION 

12. 6A 'What emergency phone nttobers '.should be listed in a 
. conspicuous place in your plant? ' ^ ' 
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14,3 SAMPLING, by Joe Nagano, from California Water Pollution 
— ? rntitrol A5;soc!iatinn Op ftrator? Laboratory^anugJ ^ 



4^ - 



14.30 Importance 



B^forq^eny laboratory tests are performed, it jLs highly important 
to obtain a proper, representative sample. Without a representative 
sample, a test should not even be attempted because 'the test result 
will be incorjrect and meaningless. A laboratory, test without a good 
sample will most likely lead to erroneous conclusl^ons and confusion. 
The largest errors produced tin laboratpry tesjts are usually caused 



by improper sampling, poor preservation, or 
during compositing^ and testing. 



enou 



IE 



mixin 



14»31 Accuracy of Laboratory^ Equipment * ^ 

Laboratory equipment, in itself, is generally quite accurate. 
Analytical balances weigh to 0.1 miUigram. Graduated cylinders, 
pipettes, and. burettes usually measure to 1% accuracy,' so that the" 
errors introduced by these items should total les*s than 5%, and 
under the worst possible conditions 'only 10%., Under ideal conditions 
let us assunle that a test of raw wastewater for suspended solids, 
should run about 300 mg/1. Because of the previously mentiofied 
equipment or apparatus ^variables, the value may actually range 
from 270 to 330 mg/1. Results in, this range'are reasonable for 
operation. Other less obvious factors zxe usually present which 
make it quite possible to obtaii^esults%hich are 25, 50, or even 
100% .in.. error, unless certain precautions are taken. Some examples 
will iVllustrate how these' errors are produced. * 

The City of Los Angeles Terminal Island treatment Plant is a . 
primary treatment facility with a flow.' of 8 million gallons per 
day. It has an ae^rated grit chamber, two circular 85-foot clari- 
flers of ^5-07t)&0 gallon capacl l y, a nd-two-digester's-^O-^d^-S-^geet — 
in-didmeter. ^ , ^. ' ' , * * 



Compostte^^Proportional) SaJuples (cpm-POZ-it) . Samples collected 
at regular inte.rvals in proportion ^to the existing flow and then 
» combined to foifm a sample representative of the entire period of 
flow over a given period of time. 
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Monthly summary calculations based upon the suspended solids test 
showed that about 8,000 pounds of suspended solids were being 
-£apturfed_pfer_da y during sedimentation assuming 200 jig/X_f^^ 



influent and 100 mg/1 for the effluent. However, it also appeared 
that 12,000 pounds per day of raw sludge solids were being pumped 
out of the clarifier and to' the digester. -Obviously, if sampling 
and analyses had been. perfect, these freights would have balanced. 
The capture should equal the removal of solids. A study was made 
to determine why the -variance in tstiese values was so great. It 
would seem logical to expect that the problem could be due to 
(-1) incoVi^ct testing pro'cedur^^, (2) poor sampling,. (3) incorrect 
^ete-ring c^^t^e wastewater or sludge flow, or (4) any combination 
f the thz:de ors^all of them. ^ • 

Iri'the first case, the equipment was in excellent condition. , 
The bper at oiv was conscientious and able employee who was 
^found to have carrijed out . the laboratory pxpcedures carefully 
and Who had previously run successful tests on comparative 
samples; It was concluded that the equipirent and test^proce- 
durespw'ere completely satisfactory. 

14.32 Selection of a. Good Sampling Point to Obtain ' 

a Representative Sample ' ^ . 



A survey was then made to deterkine if sampling stations w^re in 
need o£ relocation. By using Inhoff co^j^s and running sel^leable 
solids tests along the, influent channel and the' aerated grit .* 
chamber, one could quickly recognize that * this besj:' mixed and 
•most representative sarapl-es were to be takdn from the aerated " . 
grit chamber rather than the influent chann^. 

The se4:t leal? le solids ran 13 ml/1 in the aerated grit chamber 
against 10 ml/1 in the channelv By the simple process of 
determining the best sampling station, the suspended soldds 
value in the influent was corrected fron 200 mg/1 to the more * - 
re^resentative^DO~-mg^/l.r- Galculations,-using-the eorrect - 
figures, changed the solids capture froni 8,000 pounds'^tc 12,j000 
pounds per day arid, a balance was obtained. * * ' 



This study clearly illustrates the imp^ortance^ of selecting a 
•good sampling point in securing a truly repres^entativa s^le.^ 
It emphasizes 'the point that even though a test is accuratbl^ ' 
perfcymed; the result^ may be entirel j y errongous^and meaningless 
insofar as use for process control is concemfe'd, unless a good 
representative, sample is taken . Furthermore, a good sample Is" 
high'ly dependent upon the-sampling station . Whenever possible. 



c 
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select a place 
is uniform, • As 
200 mg/1, mixin 
water soli3s"va 
settling toward 
the flo^tables 
one-gallon* port 
flow, the job 0 
isef iously, 

* 

14:33 Time of Sampling 



where mixing is thorough and the wastewater quality 
the solids concentration Jju^r-eases, above about 
g_bec.offies--eA^n^;M^ because the waste- 

11 tend to sepl^te rapidly with the hqavier solids 
the bottom, the lighter solids in the middle, and 
rising toward the surface. If, as is usual, a 
ion is taken as representative of a million-gallon 
f sample location and sampling must be taken 



\ 



Let us consider next the time and frequency of sampling, Iii 
carrying out a testing program, particularly where personnel 
and time are limited' du§ to the^ press of ^operational responsi- 
bilities, testing may necessaril)^e restricted to about one 
test day per week. If the opera^ljnshould decide to start his 
tests early in the week, by taking samples early on Monday - 
morning he may wind up with some very odd results. 



One such incident will be cited, During^a^ test for ABS <alkyi; ' • 
benzene';sulfona\te) , samples wer^ takenr^arly on Monday moniing 
and ru?hed.into the laboratory for testing. Due to the detention* 
time in the sewers, ^hese wastewater samples actually represented 
.Sunday flow on th^j^aveyard shift, the weakest wastewater obtain- ' 
able. The ABS content Vas onl/ 1 mg/i, whereas it would -riormally ' \' 
run 8 to" 10 mg/1. So the time and day^iof samplii^g is quite important, 
and the samples should be taken to repicn^^ent typical w.eekdays or ' ^ 
even varied from day to day within the^fteek for a good cross-section 
of the characteristics of the wastewater, » ' j . 

■ ' . .' y ' ' ■ 

14,34 Compositing and Preservation of Samples 

Since the wast-ewater qualify chafn^es from moment to moment and 
houT to hour, the best relults would be obtained by using some 
sort of continuous sampler-analyzer, However, since operators 
are usually the salnpler-analyzer, continuous analysis would 
leave little time^'for anything but sampling apd testing/ Except* for 
tests which canno,t wait due to rapid chemical or biological change 
of the sampL^, such as tests for dissolved, oxygen and sulfide^, a 
^fair compromise may be reached by taking samples throughout the 
day at hourly or two-hour intervals. 




IVhen th^samples are takfen, they should be immecfia^eJy^ refrigerated 
to preserve them irmm continued bacterial decomposition. Wh^l^ all 
of tHe samples have^been collected for a 24-hour period, the^sam|)les 
from a specific location should be combined or composited to^6ther" * 
according- to^ flow to form a single 24-hour composite salifJle, - V - 
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To prepare a composite sample, ^(1) the rate of wastewater- flow 
must be metered and (2) each grab sample must ^en be. t^keri : 
and measured out in direct proportion .to "the volume of flow 
^ that time. For example. Table I illustrates the hourly :f low 
and saii5)le volume to' be measured out for a 12-hour propoj-tional 
composite sample. ' ' . ' ' \, 

• ^ TABLE I.. , ■• . ■ - . • 

. DATA COLLATED TO PREPARjB;y ROPORTlONAL eOMPO§i,TE SAhJPLE * .-. 





Flow 




Sample, Veil • 




Flow; 




* ' "t 


Time 


MGD 


Factor 


Time " 


MGD ; 


Factor 


Sample'rVol- 


6 AM 


0.2 


~ 100 


■ 20 '• 


12 N 


1.5 


100 


150 . 


7 AM 


a, 4 


100-- 


:40 ' 


' 1 PM 


1.2 


100 


. 120 • 


8 AiM 


0.4 


100 


60 


2 PM ■ 


1.0 - 


100 


— 100 


9 AM 


i.ol 


100 • 


, 100-, 


3 PM' 


-1.0 


" ibo- 


100 ■ 


10 AM 


1.2/ 


100 


120 • 


; 4 PKJ 


1.0 


100 


100 


11 m 


1.4» 


olOO 


140 


': 5 PM 


0.9 


100 


90. 



A sample composited in this manner would- total 1140 ml. 
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LajT^e wastewater solids should be excluded, fiom a sainple, p^rticu- 
1-krly thiose greater than one-quarter inch. in 'diameter. 

A v^&cy important point should be. emphasized. ■ ' Du^irt^.^.to^^ositirig 
■arid :at .t-he exact moment of test ing,;^. the samples miust be -vigorously 
rismixetf so tftat they^will be of the' s.'^e composition and ^s well 

"^^ i lf l^ as when they were originally sanyled . Sometimes sut^h remixing 
maj^become-lax, so that all the isolidS are not uniformly su^ended, 

■ Lack» of 1 mixing can cause' iow^ results ..in samples of s6lids:*that; 
settle/out rapidly, sfich'as those lit "activated sludg^ dr raw waste- 
water k. -Samples must therefore 'be mixed thoroughly and poured 
qiiiclciy before any settling occhrsT, If this-is^ndt done, errors 

■•of 25. to 50% may easily pccur. For exaxKple, on the same mixed 
liquor samp'le, one person^y find 3,000 mg/1 suspended solids 
Whilfe anoirtier person may determine that there are only 2,000 mg/1 

r^dife: to_^poqr mixing. When such q,_cojiiposit'e sample is tested, a ■ 

•roaspnably accurate* irteasurement of the quality of the day's flow 

■c*an be ^utade. , ' : 

Iff.a.-24-iiour sampling program is not 'possible, perTiaps due to ^. • 
'.insufficient personnel or the** absence of a ni-ght shift,, single 
.ofepjresentdtive' iaiiTples should be taken al a time-^whcn typical - 

characteristic qualities afe present/in the wastew^tet. The 
.-jampletf should be t^kto in accordance. with tbe detention time 



required for treatment. For example, this period may exist 
between 10 AM and 5 PM for the sampling of raw influent. If 
a» sample is taken at 12 Noon, other samples should be taken 
in accordance, with the detention periods of the serial processes 
of treatment in order to follow this -slug of wastewater or plug 
flow. In primary settling, if the detention time in the pri- 
maries is two hours ,^ the primary effluent should be sampled alT 
2 PH. If the detention time in the succeeding secondary treat- 
ment process required three hours, this sainple should be taken 
at 5 PM. 



1.4.35 Sludge Sampling . ' - 

in sampling raw sludge and feeding^ a digester, a few important 
points should be kept in mind as shbv^ft in the following illus- 
trative table. 

For raw sludge from a primary clarifier at Los Angeles' Terminal 
Island Plant, the s4udge solids, varied considerably ^with pumping 
time as shown by samples withdrawn every one-half minute. - 



' ' TABLE II 

DECREASE IN PERCENT TOTAL SOLIDS DURING PUMPING 



Pumping Time 
In Minytes 


Total Solids 
Percent 


Cumulative 

-~ -Solids 

Average 


0.5 ^ 
1.0 


7.0* • 

7:1 


7.0 
7'1 , 


1.5 
2.0 


7.4 : 
7.3. 


' 7.2 
7.2 


- 2.5 
3.6 


6,7 - • ■ 
. .5.3 


7n ' \ ' 

6.8 


• 3.5 
4.0 


4.0 

2.3 - - 

• > 


6.4 ." 
. 5.9-^ 


4.5 
S.O. 


2.0 - 
1.5 


S.5 ~ " 
5..1'* 
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^a^. T?:ble^j^ shows that_the soli^ were heavy during the first 
2.5 minutes, and thereafter rapidly became tli inner and 
watery. Since sludge solid^ should be fed to"a 'digester 
with solids as heavy as possible and a minimum of water, 
the pumping should probablyNhave been stopped at about 
3 minutes. A'fter 3 minutes, the water content did become 
greater that desirable. 

b. In sampling this sludge, the sample* should be taken as a 
composite by mixing small equal portions taken every 0.5 
' minutes during pumping. If only a single portion 'of sludge 
is taken for the sample, there is a chance that the sludge 
samplelnay be too thick 'or too thin, depending upon the 
- moment the sample is taken.- A composite saihple will pre-* 
ventNthis possibility. ^ 

Q. It should also be emphasized again tliSt. as a sludge sample 
stahds, the^solids and liquid separate yue to gasification' 
and„flotation or settling of the solids! and that it is 
absolutely necessary to thoroughly remi^ the sample back 
, into its original form as a mixture before pDuring it for 
a test. ' * / 

d^ When individual samples are taken at regular intervals 
in this manijer, they should be carefully prese-rved to 
prevent sample deterioration by bacteria^l action. Re- • 
' frigeration is at^ excellent method of preservation and • 
is generally preferab^le to ,chemicals since chemicals may 
interfere with tests sveh as BOD and COD. 



14.36 Sampling Devices , . 

Automatic sampling devices are wonderful time savers ♦and should be 
en^ploye^jvhere^os^ like anything automatic, 

problems of which the operator should be "^are do arise in their 
user ' Sample lines" to auto-samplers may build up growths which 
may periodically slough- off and contaminate the sample, with- a' 
high solids content. Very regular cleanout o? the ijitake line 
is required. Another problen; occurred at Los Ange^les* .Hyperion 
Plant when the reservoir for the automatic sampler was attacked 
by sulfides. M^tal sulfides flaked off and entered the sample', 
container producing misleading hi'^gh solids results. The 
reservoir was cleaneld and ^coated with^coal-tar epoxy and little 
further difficulty has been experienced. * • 
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Manual sampling equipment includes dippers, weighted bottles', 
hand-operated^ primps,- and crbss-s^ction Samplers. Dippers con- 
sist of wVde-mouth corrosion resistant containers (such as 
cans or jars) on long handles' that collect a sample. for testing. 
A weighted bottle is a collection container which is lowered 
to a desired depth<^ At thi^ location a cord or wire removes 
the bottle stopper so the bottl5.„can be filled. Sampling pumps 
allow the inlet^to' the suction hose to be lowered to the sampling 
depth. Cross-sectional samplers^ are used to sample whefre the 
wastewater ^^nd sludge may be in layers, such as in a ^digester or 
clarifier. The sampler consists of a. tube, open at both ends, 
that is lowered at thi sampling location.^ When the tXibe is at; * 
the proper ^epth, the ends of the tube are closed and a sample', 
.is obtained frlDm different layers, •* * 

.Many operators build their own sampler (Big^ 14.1). using the 
material described below: 

!• . Sampling Bucket . A coffee can attached to an eight-fobtf 
length of 1/2-itich electrical conduit^ or a wpoden broom, 
handle with a 1/4-inch diameter spring in a 'four-inch loop. 

"* ^ 1. 

2. Samp.ling Bottle . Plastic bottle with rubber stoppd^r equipped ' 
with two 3'/8-inch glass tubes, one ending near\^bottonv of 
bottle to allow sample to enter and the other ending at the 
bott6m of the stopper to allow the air in the bottle to 
escape while the sample is filling th§ bottle. 

Fox sample containers, wide-mouth plasti^ bottles are recommended. 
Plastic bottles, though somewhat expensive initially, not only 
greafly reduce 'the problem of breakage and metal contamination, 
but are much safer to use. The* wide-mouth Jbottles ease, the 
washing problem. For regular samples*, sets of plastic bottles 
bjearing identification labels should be used. 

• • / ' ' . ' 

14; 37 Summary 

1. ^RepreseiTfative samples must be taken before any ".tests are 
made. ^ ' . - ^ ^ ^ 

2. Select Bt good sampling -location'. ' ' ^ 

3. CoUect samples and preserve them by refri'^eration. * 

4. If' possible, prepare 24-hour composite salnplesf Mix samples 
thoroughly before compositing^ and at the 't^me-.df the' te^t,* < 
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Figv 14.1 'Samplii^g^jitle 
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